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AUTOLOGOUS IMMUNE CELL THERAPY: CELL COMPOSITIONS. 
METHODS AND APPLICATIONS TO TREATMENT OF HUMAN DISEASE 

RELATED APPLICATIONS 

This application Is a contiriu^tibn-iri-part of U.SV application Serial 
No: 08/506,668i filed July 25, 1995; by Micheal feru^nbery,' ertitled 
PROCESS FOR PRODUCING EFFECTOR IMMUNE CELLS FOR USE IN ' ' 
5 ADOPTIVE CELLULAFt IMMUNOTHERAPY. Benefit of liribrity thereto is. 
herein claimed. ' ' 

' This application is iaisb related to U:S. application Serial No. 
08/506,173, filed July 25, 1995, by Micheal Grubnberg, &ni\Wod^CELL 
GROWING DEVICE FOR- IN VITRO CELL POPULATION ^EXPANSION. 
10 For purposes of the U.S. national stage, the subject rhatter of ieach 

of U.S. applicatibn Serial Nds. 08/506;668 and 08/566,1 73 is herein 
incorporated by- reference its'.^ entirety. ' 

FIELD OF INVENTION Cfrrv. ; 

^ This ihvehtiori is'cllredted'to' rriethods-of adoptive irrirTiGhbtherapy, 

15 In paii:icular, rtiiethods of -Autologous c^ll therapy - 
Compbsitibns cbYitaihihg substantially hbrnbge^ of 
functionally or 'pheiiotypically defined irtimune cells that have been 
isoliated from a patient, differentiated' and/br expanded ex viVb arb 
provided; Uses of ^uch conriposltibhs'fbr tre'bting or'preventing disease or 

20 otherwise altering the imniiuhe status of the patient by reihf using such 
cells afe also brovided. ' 
BACKGROUND OF INVENTION 

T lynriphocyties are irnmune cells that are primarily respionsible for 
prbtection against ihtracelTLirar pathogens ahd suppre'ssibh br^blirhmatibn 

25 of certain tumdrs. "Mature T lyriibhocytes|- which all express the CDS cell 
surf ace' antigen, are subdivided into two subtypes! baised ori expression 
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of either the CD4 or CDS surface antigen. CD4* T cells recognize 
antigen presented in association, with clasSj I.I rnjajor histocornpatibility... 
connplex (MHC) molecules. CD4* cells are generally involved in . . .. 
regulatory functions in immune responses by yirtue of the, cytokines they 
5 produqe. These cytokines,. sucl:i, as IL-2, mediate an Jmmune cell attaqk 
on a pathqgen.or an. antibody attack against an invading organism. 

CD8* T cells recognize antigen presented in asspciatiori^^^^^ 
class I MHC molecules. CDS* cells are involved in effector functions in 
immune responses, such, as cytotoxic destruction of. cells bearjhg foreign 

10 antigens. The cells that mediate these responses are designated 

cytotoxics. lyrnphpcyt^s ,(CTLs).. Jhese cells^-which are generally CDS ^ 
.cells .(although some, are 004"^) repres.ent.a .me.chanisn;! for resistance to 
vir?l infections and. tumors. Theieffector function of CT.Ls.is dependent 
upon the cytokine production from,CD4.* regulatory cells. 

15 Adoptive immunotherapy 

..... ..Ado,ptiye immunpthfsrapy is .an experirnental, treatment method 

designed to boost a. patient's irnmurte response. against a..virus or, a,,. . 
tumor. .The rp.etho.d inyQl.ves the removal or 

individual, the forming of effector. cells outside the body- . (ex vivo ), the,-. 

20 expansion of the. cells. to clinically-relevant pvirnbers.an.d the re-infusion of 
the..cens into .the patient. .. Adoptive.i.mmunotherapy. .-protocols haye.not 
been rnade conrirriercially avaijab.le and are.npt. in yvidespread.use because 
of the extreme toxicities associated with the infusion of the interleukin-2 
(IL-2) with the cells. IL-2 is used in these protqcols -to cause the 

25 differentiation and/or e.}|(pansion of , effector innrTiune. cells. Immune cells 
cultivated in jL-2„ however,, become dependent on thie cytokine for con- 
tinued viability and effector function, thus necessitating the infusion pf(,IL- 
2 together with the effector cells. All. adoptive immLinotherapy protocols 
involving differentiated effector cells incorporate the use of IL-2. 
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The severe toxicity, associated with the use. of IL-2 has limited: the 
application of adoptive immunotherapy, to the treatrnent of terminally-ill 
cancer patients and the treatrnent of yiral. infections in AID.S patients. 
Adoptiye imrnunptherapy. and the use; thferepf for treating; .caMceri. v^ . • 
5 , The firs;! atte.mpts .at .adopjtive jmm^^ . 

lymphokiiie activated ,kilier,,(LAK) .cells, yyhich are ,immune -efiector" cells 
furiction^lly^ defined by their, abimy.tojyse. |resh;tumors), liAK fcelfs. .are 
produced whe^^^^ b\pod mpnonucleai; .cells are .expojsed to! high 

concentrations^ of .IL-2 ex yivo ^fsee. e.g. .. Grimm, ei al. -(19821; J. Exp: !i. 
10 Med. 155 :18321. To produce LAK cells .(for use in t^^^ 
pat^^qtsjsie?,^^^^^ 

a carice^ pEjtient and estposecf^tp, high qf .ILT2Jpr 3-6^,days,:yyhichi 

causes a^portio.n pf^the cells, ,tp.,dl^,9re.nt^iate. intp,. LAK,cel.ls.\ jThe.,r^s.ulting 
het^rpgeriepjus pppujatipn of cells i.s reinfMised tathe-donpjj cpripprnitant 
15 with a high systemic dose of IL-2. As ppted,. the hjgh.systfmic ^^ 

.IL-2. are highly,Jtp)^ic^:a^ . ., ., v:.;M 

, , Methods iri .whicji the. Rptency of. LA^-ceMSjis incre,as^^^^ 
developed. It ha$. been observed [see, e.a. . .U..S, Patent _r^o..{4;8.49;329] 
that the addition of an L-aminp,,acld wit.h: |L-r2 during the ex vivo ., , 
differentiation step increases the LAK. activlty .of the. resulting; cells, 4r5 
fold. Administratipn of LAK. cells y/ith IL-2 arid an orriithine^. ,^ 
decarboxylase inhibitor enhances the effectiveness of the -treatrnent [see, 
U.S. Patent No. 5,QQ2!879]. : Exposure of lymphocytes tojan antjrCbS 
monoclonal antibody..(mAb), during the LAK differentiatipn stage of ;the 
process produces effector cells yvlth ^rihanced anti-tumor activity, [U.S. 
Patent No. 5,326,763], and use of IL-7, with or, without JLr2, ia theiLAK 
differentiatipri .step can .also produce more potent LA K. effector, cells (see, 
U.S. Patent Np. 5,229,1 15]. Thp administrafion of , JSM-CSF 
has also been reported tp cause an .mcrease. jn LA K activity [see...-.- 
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-Takahashi, et aL {1 995) Jab. 3. Canfcer Res. 86:8611. All protocols, 
hbwtever/ require administration of IL-2: ' . ' v 

Eiarly clinical results of adoptive immunbthera^ in 
terrninally-ill caricer patients/ particularly tfiSse' w^^^^ meianoma, 
5 : had-reported response rates of 2 T-44% (isee,' "kiHl^" F^^senberg ei' aL 
( 1 985) N. 'Erial. J . ■ Med . 3 1 3 : 1 485 and Rosenber^j^raff-figSt?') 
J:;i Med.:316:8891v Results of rnhra recl^nt fihase It cHnicai stuSies/ wHile 
stii.ls'showing'prGrriise,' have prbdUced a brbia'd range'*6il'esponse^rates ' ' 
frpm;0,33%' Isee, e^. Dillmah; et^al: h 99lV J: din: 
10 Thompson, J A- ef aL (1992) jTGiin^^^ FobriVe£ aL ni992) 

J;^ Iriimuriotheri^l l ;1.984^ and'lbrefelet a ifl 9^il ^rdiv; blim^'l i6? ^981. 
Thefdifferent^s in'respohse rates arfe'attrib'ute^^^ p'artlv^^ io'van&tlons^n ' 
:ddSagessdf"LAK'cellWatia-1lL-2 

tlliTrvbT-ikillin^ activhies ot^hef hgfeTOgerieoiis jaopulat^ 
15 ."genteraitea=frbm<diffiBi-eht-pati^^ ■ ' - ''^"^-V^- ^'^^ 

Methods for generating^a ^relativeiy Hbmo 
' cells ;for^ad&ptive^immiJn6thi^i)y^h^ Patent 
N6^5V657;423]^'"Th6^process*descrii^ Pai^^^'sJ^^^ti^ 
involves.f irst purifying a potiulat^on bf LA'K j)rogen7tof*i:elIs fLGiL)'froinn 'the 
20 peripher'ar b'lob'd- tnonon LGt ire thi'ft' fexp^^ 

which causes^'^hfiajbrity bf^he LGL'tb differentiate iirtb'L/CK^cells? Tlie ' 
reSultihg'effecto'r cells, known aisl'A-L'AkrhaVe Be^^n 
effeibtiVie'in'killihg hUmah'carcihbm 'mice (sbe, SaccKi ( 1 99 1) et 

ah Iriti J: Cancia? A7:7FiAlPih\ardi -M aL'Ti 9^4) C^ncyf'IriirViijnbi:! ''' " " 
25 Immuhoth. 39:1 i931. It is exbeedingiy difficult, however/ to ^p^^^ 

sufficient nurnb'br^'bf A-LAK' frorh humelhs. '"Even wHh the feeder 
cells to improve ex vivo ekpahsioni A-LAK cultiires from bpproximateiy ' 
60% of canc'er patients demonstrated inadequate expansion [see, 
Sedlmayr. et al. (-19911 J. Immiinbther. 10 :3361. " ' 
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Another adoptive immunotherapy protocol. involves the • 
administration of autologous tumor infiltrating , lymphocytes (TIL): to 
canca.r patients. TIL celjs are more potent at killing tumors than LA K cells 
in animal experiments, but are cliff icujt and expensive to generate for 
5 treptment of patien^^^^^ TIL cells are autologous effector: cells 

differentiated iq. yiyo in :spljd turnprs [see, U.S; Patent No,- 5; 126, 132, 
which describes a method Jor, generating TIL cells^fo 
''??'??""9*^?r3PY of ciancar], TIL cells are produced by removing a' tumor 
^^TIR'? from. 9 patient, isolating lymphocytes, that were infiltrating into 

1 0 the. tMmor sarpple,. growing these TIL cells gx vivo in the presence of IL-2 
and rejnfusjng the .pells patient along with IL-2i . A. 60% . response 

rate in eyaluable, cancer patients using this protocol has been reported 
, (see, Rosenberg, eSaL; (1,9a8) N. EnoL J. Med. 319 :1 676]. Another 
study, reported .a 23?/o resppnse rate.Is^e, Dillman, ,et aL (1991) Cancer 

1 5 M: 1 ]• It, hovyeyer, has been difficult to consistently, propagate sufficient 
numbers.of TIL; cells for use Jn adoptive immunotherapy protdeols., 

. In addition, the type of imrriune cells derived from TIL cultures are 
extremely variable. .The cells recoyered from tumor samples contain pure 
or mixed populations of ceils with differing activities and potencies. 

20 Some cells, are produced with MHG-restricted- anti-tumor cytolytic^ 

activity, some with non-MHC restricted anti-tumor cytolytic activity and 
sorpe without any anti-tumorcytoiytic activity. Also, other than cultures 
derived from melanomas, cultures of TIL cells rarely produce turtior- 
spepific cells from patients with solid tumors; and tumor-specific cells are 

25 produced only from about 50-75% of patients with metastatic :melanoma. 
Because TIL celLtherapy is associated with extreme toxicity 
associated vyith infusion of IL-2, efforts have been made to enhance the 
efficacy, of the treatment. For example, addition of IL- 10 with: IL-2 has 
beeri shown to increase the anti-tumor function of TIL cells in mice [see, 
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Yang, et aL (19951 J. Immunol. 155 :3897. Increasing the lL-6 
concentration at the tumor site has also been shown to result in 
enhanced anti-tumbr activity in TIL cells from mice [see, Marcus, et al. 
(1 994) J. Immunoth. Emphasis Turhor lrnmunbl. 15:1051; The ariti-turrior 
5 activity of TIL cells is also increased by activating turndr'draining IVmph 
node cells with anti-CD3 mAb in the presence of I L-1 [^ee, H^rn'mel; fit ah 

(1 994) J. Immunothi Emphasis Tuhrior Ihimuholv T'6: 1 1. ' : 

; Because. of the variability in the -effector furictibh of cells derived 
from tumor irifiltrates-ordraining lympK nodes, effort is being invested In 
development of methods .to prornote the 'ex vivo sehsitizaitidri' of tiimbr- 
reactiye imhfuhe cells for- use. in Adoptive immuriotherapy of c'arice^^^ ' 
Tumorrantigen specific, MHC-restricted CTL-'frtfrn^prie'cursor cells present 
in the cellular infiltrates bf breast cancer'patignts have ^ been' pfo'dube¥bV 
incubating precursorcells with recbmbinarit avipbx MAGiE- 1 [a nriarWer ' 
priasent on a. class: of turners], caiising'the fbYifiatiort 6t MA(3E-1' specific 
CTL [{MAGE^I and? bth<er MAGE ahtigahs are antigens' expressed 
tumor cells); see Toso. et al. (1996) Cancer Reisearch - 56 ; 1 6': Sete: also 
U.S. Patent No. 5,512,444]. Another eX vivo ^ sdrisitizatibh methdri fnr 
generating poteiit> MHC-restricted CTL iiivoives the inciibatioh of ' 
peripheral: blopd mononuclear cells'(PBMC) from' mel&homa patiSihts w^^ 
autologous, irradiated PBMC that have been pulsed with synthetic 
peptides of gplOO, a nhelanoma-associated antigen [see, Saigaller, et aL 

(1995) Cancer Research 55:49721'. 

An alternative to TIL cells In adojstive' inhmuhotherapy of cancer are 
"ALT" cells. These cells are ex vivo activated jjeiripheral blodri 
lymphocytes with CTL activity. They are activated in an rL-2-containing 
supernatant derived from a previously' prepared ohe-vvay mixed 
lymphocyte culture or by using cytbkihe'-rich; autblogbus supiernataht ' 
harvested from a previous lymphocyte culture stimulated with anti-CDS 
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niAb. Monthly infusions of ALT<cells, combined with daily oral cimetidine 
(to reduce tumor-assocjated suppressor activity), significantly prblongs 
syrylyal aqd jpduces durable turnor. responses in renal cell; carcinoma and 



5 Gold, (199B) Jv Surov Res. 59 ::279h ; ^; ^ -h^ v 

; Other effector Jmmune ;ce[ls, have b« en used or .proposed for^ 
adpptiviB.imnfiunqtherjp^^^^^ For exaniple, thefPWM^AK' cell has 

. *'??r». :PropQsed as.,^a;^pq^^^^ adoptive imrnuhQtherapy! of 

pancer, ;r Th?sei ie^fec^pr cjejls are. pokeweed fmitogen activated' PBMC with 
10 similar activity^Jtw^ LAK cg^ 



.|3?en>Rroppsed;SS. effector. cells in adoptiviB immunotherapy of ciancer. 
Tine |yi>AK;ce|!s are diffjerentiated from the peripheral blbGd by activation 
with: ir^terferon-Ki-OENrK)' and have been shown to. cause regression of 
15. experij(penta.l;it.umpr.Siin, animals, but ^h.ave: hot shown a blear therapeutic 
resppn?;e in hMrr>ans.'.[see,;,Barthoieyns et al* d 994) Anticancer Research 
M:2673hr Activated . natural M 

for us^ in, adoptive immunotherapy of .malignancies. ■ ANKiceJIS'-are^ - 
prepared Jpy pjanning iPf peripheral blood ,stem cells on GDB/CDS coated 

20 flasks yieiding a population enrichedifor monocytes or NK preciirsttrs and 
then treating the c^lls. with ;high poncentrations of IL-2. ,.;A human- 
^^eriyed, MHC npn-restriptPd CTL clone (TALL-104) has also shown: : 
prornise for , use in adoptive imnriunotherapy protocols.for cancer 
treatment when used in conjunction with IL-12 [see, CesanOi et al. 

25 (1994) J. Clin. Invest. 94 :10761. Increasing interest in the use of MAK, 
ANK and, other, nnononuclear phagocytes in adoptive immunotherapy 
protocpils for treatment of .cancer has led to the development of improved 
methods, to reprpd.ucibly harvest large numbers, of functional human ^ 



melanoma patients [see, Gra et a|^ (1 993) Semini Urol- 1 T:->7.rinH 




•1761]: ! Human activated mapr^ophages (MAK) have also 
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circulating blood monocytes by counterfloW ceritrifucjsrelutriatib (see, 
Faradiji; et> air (1 994) J: ImmunoL Methods 174 :2971. . . 

T: An: emerging adoptive immuriothefapy strateg 
cancer;,is to isolate iand/or g^nerate-antigen presentincj ceiii^ such aS' ' 
5 dendritic cells from a patient's- bIbbdU pulse this; ctell's witH'ttirribr-' •'' 
fragnnents or antigenic peptideis and'then-reiritrbdiice'tKe 'cells^te the 
patient [see; Grabbe; et5 ak'd 995)' Imniur^ol . Ttidav 1 iS f 11 71 Methods 
for,o,btaining large- humberis of dendritic 'Cells fV^ 
. i ;Of, adults: have been d^scribed lsee/Rbrfiahi; 'fet a1?Tl-9^4)- JC^ExoY Med. 
0 180:83 and Bernhafdi?fet'alU(1995)^ t:an(ger Rak^ 5^ 10991: ie- v 

^c'Ado.Rtiy^:iminunq^hei:apy.vand the U thereof for^reatinglviraiidisWse^ 
. .uv-AnQther application ;of ; Immune ceiradoptivei'mmuiiotheirapy'is the 
treatment of viral; disease; - Adoptivej immundtherariV prbto'cbls^uislng' x^Jrai- 
spe.cif|qep&H7,andCD4 + veffector cells ha<^e- been for the' ' 

5 ti:eatnr>ent;of. infections.' with; GMV/rEBV arid MIV [jSeef.tfliddeir&t at,"{1 995) 
Anny Rey. Imm jta:545; van Lunzen et^al 995P Adv. ExpTMeri . 
BioL:,374:57; %and;;Klimas, =M ay H 994) - AIDS -811 0731 J^vThese fSrbtotolS 
involves pgrlfyingiCD8.+„1i-cq|ls:.from the peripheral- blobd of AIDS^ ^ ' ^ " 
patients," expanding the-cells vwith phytohemagglutihih arid 1L-2 arid re- 
:0 ; infusing. the cells; with:concomitaht 1L-'21nfusi6h;'tb"itKe'^p"ati^ 

Whiteside; ML <1 993) Blood 81:2085: Kllm'as, et ML" (1 994) AIDS ' 
8: 1 073; . Riddell, et alJ (1,993V. Curr. Qtiihl ]frimiifiQlJ "R:4»4: Torpey; et aL 
(1 993) Clinirlmmunol:ilmmunopath. 68:263: Hd* fit-aL (1 993) Blood '^^ 
m.:2p93;rand Riddell/ MMi (1992)'Sciencea5Z:238] ' 
5 lyiethods for growing immune ceils in vitro : 

V A trnajority of -adoptive immunotherapy protocols are harripered 
i ;the;inability to grow clinicallyvrelevant (iiei;; therapeutically sufficient)- ' 
quantities of cells, for infusion. :jAn additional problem js that the ' ' 
administration of high doses of IL-2 necessary to maintain LAK activity 
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and CTL activity in vivo is associated with severe toxicity.- Several 
techniques haye.been reported for improving the groyyth. of cells for . 
adoptive immunotherapy and for reducing the dosage requirernent for, 
systemic ^drninistration of IL-2. None of these attempts tO;increase 
5 activity provided a means. to eliminate, I LrZ-from the^protpcpl; . , : 
TIL cells activated, vyijth anti-CD3 mAh and.expanded with 
moderate amounts of IL-2 .n00.U/m|) haye bee^^ In 
adoptive jrn^unotherapy. pTptpcoJs using jess, toxic, systenriic doses, of IL-2 
[see, Goedegebuure, et.aL,(.199 J. Clin. Oncol. 13 ;1939. see, also, , 

10 Matsumura. ,et al. (1994) Cancer Research 54 :27441. In vivo , : 

adnriinistratipri ot sm^^ giAb .with, jpyy. doses^pf Jt-2 Jias bj;.en .'. 
sugge$ted as an alternative adoptive immunotherapy strategy to . lower 
the requirement, fpr systemic J,L-2 [see, ISIakajima, et,al. M'994).- .Proc. Natl. 
Acad. Sci. U.S.A. 91:78891. A method fQr,expariding-:CP4+::cplls with ; 

15 helpjer.and cytolyti.g function using imrnobilized. .aptijCp3,nnAb and |L-;2 in 
rotaryrtissucf cujture. bags, has also been described ,[s.ee, NakarTiura, et al. 
(1993) Br. J. Cancer 67 :8651. Co-;pulture of anti-tunnqr.effector-cells. • ■. 
activated with anti-CD3 rnAb with, lipopplysaccharjde^ (LPS)-activated. Bt . 
cells has al.so been suggested as an alternative method or groyying cells 

20 for adoptive immunotherapy fsee. Okannoto. et.al. (1-99.5) Cancer 

Immunol. Immunoth. 40 :1731. These. cells are all subsequently, expanded 
with loyv doses of , IL-2. . 

A combination. of mAbs against CDS and CD28 in the presence of 
lower dose IL-2 induces efficient expansion of TIL cel|s. [see, Mulder, et 

25 aL (1995) Cancer Immunol Immunoth- 41 :293]. Anti-turnor CTL 

generated by m vitro stimulation with synthetic peptides can grow as 
long as 4 months, in culture with low dose IL-2 (30 u/ml),[see, .Salgaller, 
et aL (1.995) Cancer Research 55:49721- IL-7 has been, shown to 
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suppbrt the growth of CTL for prolonged perio'ds in' the absence of 
repeated stimulation [see. Lynch it aL (1 994) J. Exp. Med: 17^ :311/ 
Low concentrations of IL-2 have also beWn used tis grow TIL cells in 
artificial capillary culture systems [sie^, Fr^ednnari, et aj^'H 9 sL. ' ' 
5 Immunoth. Emphasis'^Turnor Irfihiurioi. 16 (3): 1 981. ' ' 

ThiB ne(Bd for exogenous \L-2 in expiansion of iinmijn'e cells has 
been! ob>>iated only by gerieticaJiy modifying celis [see; bid. ? U.^.' F^ateht 
No.' 5/470, 73iD]v All' the methdds'fdr gr6\A>lng gehetic^lly^^^^^^^^^ 
cells, however, 'irequire exogenous iL-2 t6 promote the "dlffi^reniiia 
and/or growth of ^ cells for use . in adoptive ihihnluhotherap^^ protbcblis Ai I 
methods require systeniic' administration of lL-i4o maintain activity of ' 
such ^(Siellsl ^ ■■ yt- 

.D^s^ite''th« showing of efficbcy of adoptive Immunbtii'era^^^ ' 
terhiinaiiy-'ill patients; the severe tbxibity of the systiBmaticf dos^g'es' of llL- 
2 reqtiireid in • adoptive imnHuribtfiera^^ v^riabiiitylri the^ ' ' 

effector 'functibri 6f--ceM' odrriposltidns d'erive'd fHbm individual piatiehtbl as 
well as the'diffibiilti^s in expahdihy'clinicaliy-r^iei^ant hiim effecibr 
cells' has- iirhitbd'^th'e' uise of 'a^doptive'^imrriunbtheraiby. in' pbrticul^r, the 
need fo>' exogenoilis' IL-2 limits the cellb used in'^idbptive imrnbnbtherapy 
to effector cellbthat'cah perform their functib'ns'over ^'limitdd^peH of 
time: In order to' eidploit the potential bf this treatmeht rriethbd; therb is a 
need to overcome the need for systemic IL-2 admiiiistratibri, arid the 
difficulties ih-bbtairiihg large quantities bf bellsi Thiisrthere is a need for 
irrijDrdved addp'tiW^irnmuriothera'py 'metho ' " ' - 

Therefbre; it is an object herein to provide sucii improved rhethiods. 
In particular, it is an object Hereiri to" provide methodb'for expanding 
immune cells for Use in adoptive imnriunotherap'y prbtbcbis Withbut the 
use of exogenous" IL-2. It is also an object' hereiri to provide methods to 
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generate, a large array of cell compositions, including compositions, 
containing TegulatorY ceils, for use in adoptive, immunotherapy, protocols. 
It is an object herein to provide means to produceicpmpositions. . . . 
containing clin.icaljyTeleyant numbers of such cells. . - he: availability of a 
5 ar\.,arr,ay of .cell cpmpqsitipn.& design ;Of , adoptive : : 

immunotherap:y.,protqcpls .for E^. v^^^ v.ari.ety.,o.f.;diseases and immune ' 
jfjLinction .alterations, , Therefore, it is ,an..pbject hprein -to provide rfiethods 
for treating .yaripu^ altering imm.une'.function. / - 

S^MMARY:QF THE^INV^N^ : ^ ' ■ ^ 

10 I. _ ,. Compositions. containing. cli.njcallyir 

cells are provided^ The compositip]is,cojitiainxe.gulato.iY(immunejcellsV-.^ 
effector immune., cejls, or qombjriatioris thereof:;! In. particiular. compositions 

C9ntain.ing^cjinically^relevap.t;nu ;.. 

espeaally fThl and;Th2 ceijs, for ,use in adoptive; immunotherapy [herein 

15 referred^p aS;.auto.logqus.cell'.therapy (ACT)] are provided. ■ MethodS'for 
...,geJ^.e^rating the. cpmgpsit|q>ns. containing the: clinically.relevant: numbers. of 
imrnune qeljs, f or use; in ;adpptiye.i!rnmunptherapy..are.:Eroyid.ed. . The . . 
.met>ipj[^^,do pot reggire^use .of I.L-2. . As a. consequence; the .expanded ■ ' 
immupe cells dq nqt refiuire:IL-2 to retain activity qfito remain? viable. 

20 ..... Also provided, are.. methods of treatoi^ ihcludirig 

infectious. diseases, and;. autpirn.mune.di.i^ea.se$;. in. addition; methods of 
treatment for immunpsuppres.sipn permitting..organ ortissue;; 
transplantation and methods for enhancement of yaccination protocols 
are provided. The treatment -methods use the compositions. 

25 The cornppsitipns of regulatory cells, provide a means tO; alter the 

immunoregulatpry balance of a patient, either locally or sytemically^. by 
changing the predorninant regujatory cell population; Because many 
disease states occur. .with the loss .of regulated balance of the immune 
system that is normally maintained by regulatory immune cells, the 
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availability of clinically-relevant riunibers of regulatory immline cells 
provides a means to correct these imbalances. This ability "offers great 
potential for treating a variety of diseases.' 

Methods for generating clinically relevant nurribei-s of effector 
5 immune cells and of regulatory immune cells are prbvided. In' particular, 
methods for generating substantially homogeneous populations of '''' ' ' 
clinically relevant numbers of regulatory immune cells, including ThT arid 
Th2 cells, as well as Thl^like and Th2-like'nibn6huclear cell populations 
are provided. Methods for generating cbnriposltlons cbhtainirig clirii^^^^ 
10 relevant numbers of effector cells, such as GTLs, LAKS arid TILS; that do 
notirequire.exogenous .IL'2 are provided. - • ■ - '^ 

Also provided are method^ for prbducing clinically relevant 
quantities (Lei, therapeutically effective nuhribers, typically greater than 
10?> preferably greater than 10'°) of autologous spebific'T ceil types' for 
1 5 treatment of diisease states where a relative' deficiency of siich cells is 

observed:. In particular, methods for producing clinically relisvarit numbers 
of autologous, fix yjya derived Th i T-cislls' f rom patiients With clisease ' 
stateis where a Th2 cytokine profile predbminates such as, but ribt lirriited 
to, infectious and allergic diseases; and autoto'gous; jbx vivo derived Th2 
20 T-cells in Th1 -dominant diseases, such as, but hot- limited to .chronic 
inflammation and autoimmune diseases, for use in ACT protbcbls:- The 
resulting cell compositions are provided arid the use of the compositions 
in ACT protocols are provided. " 

Also provided are clinically relevant nuniberis of ex vivo derived ' 
25 antigen-specific Th2 cells sensitized to a donor orgari for use in ACT 
protocols designed to' provide'specific immunosujapression for 
transplantation procedures. Clinically relevant ntirriBiBrs of ex vivo derived 
viral-specific Thi cells for ACT protocols designed to provide protection 
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from virjal infection, and thus serve as a viral vaccination strategy are also 
provided. 

Methods of use of regulatory irnrnune, cells in autologous cell 
therapy (ACT) protocols to treat and prevent human disease are provided. 
5 The ACT protocols desigried to of a 

patierit in order to treat, diseases where imbalances in regulatory cells • - 
exist. In particular,. ACT . 
imrriunor^.guJatoj:Y-b3|ance:^ 
irnbalarices.jn regulatory cd^^^ 

^ ° . . .. J.^^,: 'PyP'^® cPj'ectirjg peripheral. blood mononuclear cells 
from a patient and then expanding the:.cellS"by appropriate activation &nd 
then mitoge|nic_ stimulation .vyith .a qell surface .specific proteins or proteins 
Hnf!?:^ condjtionsjywhereby .Gllplcall^^ the expanded cell 

type are produced [typically 1 0^, :pref erably; 1 Q,??, more preferably 1 0" , or 

15 more.depending^up.on the cfell type pnd ultimate. application]. ; . If the " 
coll^<;yed .cells are, riot differentiated in vivo or require further' ; 
diffe.r.f ntiation, .then,.f9llowing collection and prior to-expansioh; the ^ 
method in<?!udes.9p;tlyating .and ca^ of the. cells ex vivo 

gnder conditions vyhereby at least some, of the cells differentiate into f - 

20 regulatory or effector celjs or other cell types. .Therresulting cells are then 
reinfused into the donor to effect treatment., The desired cells may bW 
purified prior to reipfusion to provided a more homogeneous population.- 
Where required, differentiation of mononuclear cells is effected by 
activating the cells with a mitogen in the presence of the appropriate 

25 array of pytokines. This activation can be achieved by use of agents, 
such as cytokines or mitogens pr other growth; promoting agents under ^ 
environrnental conditions conducive to development of -a particular - 
phenotype. For example, if the cells are, activated in the presence of 
IFN-K, Thi cell differentiation will be produced. If they are activated in 
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the presence of IL-4, then Th2 cell differeritiatibn 'will be produced. Such 
activating agents include monoclonal antibodies for polyclonal adtivation, 
and natural or synthetic antigens for specific activiation presented in the 
context of MHC molecules. 
5 , Expansion is effected by growing the cells uridei- bohditions in 

which: high cell-densities can be achieved/ whei-eby -endogenous cytokines 
will be retained in the vicinity of the growing ceil pbpUlation, and in the 
presence of one or more mitbgenic rhdhbclbrial antibodie'st' or oth^r cell 
surface specific protein, other thari IL-2 or other su6h cytokine that Will 

10 require corinfusion: Such conditions are jsrefeirably achieved by growing 
;the jcella lrv a; hollow fiber [HF] bibreactorv--'- ; • ' ' ■ ' ■ ''■ ' 

, : Methods for treating Viarious disotders usihg iHe rissultirig c^^^^ 
also provided.. In effecting thlese methods, cells'bf a type t^^^^ 
to be deficient'or in low rieiativie' amtiunts are infused ihto' a '(Patient.' For 

15 example, infectious diseases or tumors' may- be treated by cbliedWh^^^ 
peripheral blood mononuclear cells frorn a 'paiieint; e>cpah£iihg th^''^c^iis 
under conditions whereby a composition boht^ihing'W theVapeutid^lly 
effective number of -cells is produced;^ and' iiifusiiig the resLilting 
composition of cells into the patient: In pfeferi'ed^igmbbdimentisl th^^ 

20 are specific for unique ahtigeiis ih the viciriify' of tfie 'site'Where' ah'6ttert 
is desired or are specific for a pathogen or tumor beingi treated. In other 
preferred.embodiments, effector cells; such as cytotoxic CD8^ 
T lymphocytes (CTLs) that are specific for 'the p&tho^en or turrior are 
infused or co-infused with regulatory cells. - - 

25 In addition, methods for specific immuriosuppressibn for traris- 

plantation procedures are provided. These methods ihvolye ' ' ' ' 
administration of clinically relevant numbers of eX vivo derived antigen- 
specific Th2 cells sensitized to a donor organ. In preferred embodirherits 
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the cells are specific for alloantigens. or an antigen unique to the organ or 
tissue being transplarited. - .. . . . i 

. Also provided are vaccination methods, .and... cprnpositions for use ^ as 
vaccines. In particular the yapcines jarp. forrpulated frorn clinically relevant 
5 nurriljers of e>[ viyoTderiye^ cells lor Thl -j 

like or .Th2-!ike.populatipris. of. cells), that upon infusion provide protection 
. from viral infectipn, and thMs serve as a yiral yaccin.atiQn..strategy ; . i 

• ai^i ^f^}ii^^ifji^lJ^^^^"P^ irnmunpregulatory,, balance ot a . patient: by 
infusing autologous, S2L Jdyfi deriyed and, expand.^ •■ 
10 cells ar? provided.: This, rn^^ steps^ofLcoiiecting peripheral 

bllood mpnoiyjcl^ar.. cells fronri a- patient, activatipg the cells ex Vivo under 
conditions whereby at least. sorne, evei?, pne,, of; the:cejls differentiate 'Into 
. the. de?ire;d rpgUlatc^^^^ the regulatory ceils,- and infusing 

the e:^.panded regulatory ceH^ 
15 imr^unoregylatpry b^^^^ .In particular, .the infusipn, is not apcompanied : 

by pp-infusion of,.a cytokine,, such .as IL-^^^^^^ 

,.,The,rTi,pihQd abpy^ Is useful for therapeutic, treatment o^disorders 
cbaracterized by i,mbalanpes immune cel|s,:;:Specifically,.the 

rnethpds proyided, herein cap lie iised to .deyelpp .treatmeni^&^f or chronic 
20 inflammatipn. in disorders such as, but not limited to;. .multiple, sclerosis,- 
rheumatoid arthritis, Crohn's Disease, autoimmune thyroid.disease^ahd 
inflammatory boyyel disease; chronic infectious diseases such as 
infections yvitb hurnan imrnunpdeficiency yirus, herpes simplex virus/ 
cytomegalpyirus and hepatovirus; allergic and other hypersensitivity .- 
25 disorders such as asthma; and provides a nriethod. f 

immunosuppression in organ and tissue transplant procedures and a 
method to provide immunoprotection in vaccination. 

In preferred embodiments, the regulatory immune cells are either 
Thi, Th2 or Th3 cells w/ith a CD4* or CDS* phenotype. The cells will 
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preferably have a "memory" phenotype (Le^, CD45RO*, L-selectin), 
which permit the cells to traffic to sites of infl^mrnaiion'. These cells are 
preferably made to exert their regulatory function at a localized area of 
the , body by selectively expanding cells specific for an unique antigen ' 
5 present at the site the regulatory effect of the cells is desired. For ' 

example, in the treatment of rheumatoid arthritis',' iregulatory cells specific 
for type.ll collagen, which is present only in joint tissue, are preferr4W. In 
the; treatment of diabetes for preventing rejectibii of transplant(^d islet 
cells, regulatory cells Specific for ihsuliri are preferred. : .o? ■ 

10 • ,; : In .other embodiments, the cells are effector cellis that have been' 
expanded :up to clinically relevant (L^, therap^Wically effective) numbers 
without the use of IL-2'to promote expahsibri: • 

! : - Also provided is a' rhethbd for expahdirig immune cells without the 
use of exogenous IL-2. The expansion of ininriune ceills is preferably " 

15 caused by the incliisiori of one or rnbre mitogehic iriAb iri'the culture ' 
medium. The immune cells are preferably exjSandeld uhder conditi 
which they grow to high dieinsity. Such hi^h'dehsity cari be achieved by 
growing thei cells in hollow fiber bibreactors with' the rindleculaV Weight ' 
cut-offs of the fibers that retain endogenously li^rbduced cytokines." ^lich 

20 molecular weigh cut-off is' prfeferably less th^h 1 4,000 daltohs, more 
preferably 6000 daltons. 

Also provided are methods for producing cliriically relevant 
populations of virally purged CD4* cells obtained fi^bm HIV* patients. ' 
The resulting virally purged CD4+ cells ard then rieinfused into the donor 

25 patient in order to effect treatment of HIV. the cells may also be 'cd^ ' 
infused with anti-HIV effector cells. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A. Definitions : 

Unless defined pthervyise, all technical and scientific teriris used 
herein have the same meaning as is commonly understood by one of skill 
^ th,e art, to which this invention belongs. All patents and publications' 
referred to, herein. are, unless noted otherwise^ incorpbiriated by reference 
in thejr,entirety. . . : -■ . ■ r ■■ r, '■ .- 

.. -.As used.;here.ini adoptive immunotherapy or- cellular adoptive • 
immunotherapy refers.to a method of treatment inVrolving admiriistratibn 

10 of inrirnunplogically active cells: The cells used In the treatment are' 
generally obtained by Venipuncture ^orleukbplieresis either Wm the 
individual to be: treated (autologous treatment) or from artother individual 
(allogeneic),: : For [purposes herein,; autologous treatrnent- Is herein refeVred 
to.-ag autologous. cell. therapy (ACT)..':. . : 

1 5 As: used .herein;::autologous cell therapy [ACT] is a ithierapeutic ■ 

metjiipd.jn which icelis.,.of . the; immune-system ara'renriov^d from'ian ' 
individual,, cjultured: and/or manipulated ex vivo or in " Vitrb ;' and introduced 
into thfs same |ndivjd.uai :as-part of a therapeutic. treatrhent. 

^As used herein,- activating proteins are molecules that when 

20 contacted with avT-cell population cause, the- cells to proliferate. T-cells 
generally require two signals to proliferate. "Activating proteins thus 
encompasses the combination of proteins that provide the requisite' 
signals, which include an initial priming signal and a second co- 
stimulatory signal. The first signal requires a single agent, such as anti- 

25 CD3 n:iAb, anti-CD2 mAb, anti-TCR mAb, PHA, PMA, and bthisr such 
signals. The second signal . requires one or more agents, such ais ahti- 
CD28, .anti-CD40L, cytokines and other such signals. Thus activatirig 
proteins include combinations of molecules including, but are not limited 
to: cell surface protein specifid monoclonal antibodies, fusion proteins 
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containing ligands fo^.a cell surface protein, ligahds^fof siich cell ^uWace 
proteins, or any molecule, that specifically interacts with-a'fcfell surface 
receptor on a mononuclear cell arid indirectly or'dir^ctly causes thiat cell 
to;prolif.e.ratev i-Fpr^purposes herein,- when.expandirig effector celte^^^^^ 
5 activating prpteips are selected from: among those that are'hot he%deti to 
substiantially:m,ajntain .cell viability, and .function after ex'pansiorii. TKiis;' 
for example, IL-2 is not an activating protein for purposes -herein- fbi='' 
effector ce,lj,.exp.a!?sion. As noted; the .nriethbds • herein provide a rheans to 
ppducjB cells>::partipularly . effector; that do not req 

10 preferred ernbqdirnents, IL-2 wilLnot be? used-5as.^ah activiating agent. =■ - 
As used herein> a .mitogenic monoclonairantibody is ari activating V 
protein, that iS; an. antibody that ;w.hen contacted, with :a:cell directly 6r< 
indirectly provide;? pr)e -of the. two, requisite signals for T^cell mitbgeriesis; 
Generally such antibodies will specifically bind to a cell surface receptor 

1 5 thereby inducingiSignaKtransductibri.that .leads to cell prbliferatiori'; 

Suitable smitpgenjc antibodies may be identified empirically by testih'g'-'' ' 
selected-antibqdies-singly or in combination for the' ability to increase^ 
numbers of a specific effector cell. : Suitable mitogenic antibodies or 
combinations thereof will increase- the number of ceils in a selected time 

20 period, typically 1 to 1 0 days, by at least about 50%, preferably about'' 
100% and rnore preferably 150-200%. or more, compared to the numbers 
of cells in the absence of the antibody.; 

As used herein, a. growth promoting substance is a substance, that 
may. be soluble or insoluble, that Jn some manner participates in or ' 

25 induce&.cells tO;.differentiate; activate, grow and/dr divide. Grovvth 
prornpting substances include mitogens and cytokines. Examples of 
groyyth promoting substances include the fibroblast growth factors, 
osteogenin, which has been .purified, from demiheraiized bone [see, &ib: J 
Luyten, fii al. (1989) J. BioL Chem. 264 : 1 3377]), epidermal growth 
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f actor, the products of oncogenes, the interieukins, colony stirhtilating 
factors^ and any other pf such factors.that are known to thoise of skill in 
the art. Recorribiriantly-prpduced grp,y/th prpnioting substances, such as 
recornbinantly-produc^d mterleukins, are; suitable :forcuse' .in:the methods 
5 herein, iyi??ins to, cipne pNA.encpd^^ proteins.and'the means to ^ 

produce biologically actiy^e prot(eins ,fpm s^^ ploned DNA are within the 
skill jin ;tJ?e; art. . Fp.r example, interieukins; 1, through- 6 and others have ■ 
been c|pn^^d.,.yiaripu.s growth prqrnQtjng. substances and cbmbinatiohs 
thereof may .be^u^ed tp-expand .d lymphoid cells. 

, ; As used hereip,, a rnitogen^ is a substance , that induces cells to • 
divjde and ip, , as,.used.herein,;are:.substances.that stimulate a - 

lymphocyte populatipn in an,^nti.gen.-;independent manner to proliferate 
and^jdifferentiat^jjiritp eff^ cells pr regulatpry cells. ..Examples of such 
substances include lectins and lipopolysaccharides. 

. As us^ed herein, a..^^^ is:a factor/ such as lymphokine or 
monokin,e,,l;hat .is, prpduced^,by ce|ls!:tha.t . affect. the same, or bther cellsl. 

As, used, herein/-a ly.mphpkine is a : substance that is produced land 
secreted by activated T lymphocytes and that affects the same, or' other'- 
cell types. TumCLrnecrpsis, fa the Interieukins and the. interferons are 
examples of.lyrriphokines.,. monokine is a substance that-is secreted=by 
monocytes or macrophages that affects the same or other cells. . 

As used herein, a regulatory immune cell is any i mononuclear cell 
with a defined cytokine prpduc and in which such, cytokine • 

profile does not di/^ rnediate an.effector function. A regulatory .■ 
immune cell is a mononuclear cell that has. the ability to coritroi; or direct 
an. imrnune resppnse,,but does not act as. an effector cell in the response. 
RegulatprY, inrimune jcelis. exert their regulatory function by virtue. of the ^ 
cytokines they produce and can be classified by virtue of. their cytokine 
production profile. Fqr^xample, regulato/y immunexells.that produce IL- 
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2 and \FN-y, but do not produce IL-4 are termied "Thi " cells; Reguiatory 
immune cells that produce IL-4 and IL-1 0, but do not produce IFN-p are 
teemed "Th2"; cells. i.Regulatbry Immune 'cells that p^^^^^ IL- tCi 

and,IFNTK;-=but do not produce lb-2 or' 1^4 are terrhecl""th3" ceiis.' 'Celis 
5 that produce Th.1, Th2 iand ThS cytokirie prdffles occu arid ' 

CD8.+ cell populations;- Cells that |Sr6duciB'IL-2r'i^ IFN-K are ' " 

thought to.be precursors of Thi- and Th2 tells and are designated "tKO** 
ceiis^. PoptiEations of- celis that -prbduce a' majority bt Th"l ' cytokiiies 'are 
designated r jh 1 Tlike"; populations producing' ei rh'ajomy of the' th'-J^^^ ' 

10 cytokines are designated Th2-like"; those ^jroducing a majority of Th3 
cytokines are designated "Th3-llke". Thus; each cbrnpb^itloirS, ^lihough ' 
containing a heterogeneous pop'tilatibri of cellis; Wlli havb the prisberties 
thatfa're substantially ■'slmllar,''vvlth respect tb'cytbklriis; to" 'thb' partlciil&r 
Th subset. ■r.-^rt. :■ 

15 It is.^understood that this'list of T- cell^'ls ■exemplary ohly/a^^ any 

other.deflnable population; array or subtype of T cells 'that ban be' " ' 
expanded by. the methods herein to clinically'relevant-TtumbeYs'arei 
lntended:herein. ■!. • : b-vie-ii'- ' 

As used herein, a comp6sition"cohtiainmg ^ cllhicalty relev^^^ 

20 number or population of Immune cells' Is' d compbsWoh tha^^^ 

least 10^, preferably greater than 10^ 'more preferiably at least iO^" cells, 
and most preferably more than 10'^ cells, in which the majority of the 
cells have a defined regulatory or effector function; such as Thi cells or 
Th2 cells or effector cells, such as LAK, TIL and CTL cells. The preferred 

25 number of cells will depend upon the ultimate use for which the 

composition Is Intended as will the type of cell; For eit^mple,' If Thi cells 
that are specific for a particular antigen are desired, then thie'pbpulatib'h 
will contain greater than 50%, preferably greater thari 70%, rriore 
preferably greater.than;80%, most preferably greater than 90-95% of 
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such cells. If the population results from polyclonal expansion, the 
homogeneous ceHs will be tho.se that are a particular type or subtype. 
For uses provided herein, the cejls are preferably in a volume of a liter or 
less, more. preferaWy 500 rnjs .gr: less, eyen more preferably ;250 mis or 
5 less and most preferably |bo,ut ,1 pp. m^^^ 

_ . As vised herein,. pred^^ .greater than about .50%. 

As used herein,,a qoipbjn^tjon refers to tvyo component jtems, ^ 
such as cprnposijjp.ns pr.m.i.^^^^^ that .are iritended fpF,iJs.e either • 
together or sequ.entially. Th|3,cornbinatipn^may be pr:oy.id.ed:as. a mixture 
10 of the cotTTiponents Of as separate components packaged or.provided:... - 

As used herein, effector cells are mononuclear cells that, have.the 
abii|ty to c|irect|y^i^liminate:pathogens.pr cells. Such cells include, 

but are hot linfiite(|.to, LAK:,cel!s,.,MAK .cells and pther monpnuplear phag- 

15 ocytes,^.. .TjL?,, .C.TU and antibody-producing B cells (and other suchi cells.. 

As .used iberein.,. itprnuri^ .balance .refers iq the . nor,rnal, ratios, .and . 
absolute, niirnb.ers,,'Qf various. |mrnune.cells;:thatr.§re asspcjated.:W|th"ja 
diseas^ ire^e.^tate,. . Bestpratipn. of imrn.urie .balance. referS;tO: restoration to 
a conditiori |rj which, treatment of the disease .or disorder, is effected 

20 whereby the ratios of regulatory immune .peM types and nurnbers. thereof ' 
are vyithin nprrT>al range, pr , close enough jtheretp, so that syixtptpms of the 
treated. di^sease or disorder are ameliorated. .The arnount of cell.s tP: 
administer can be dete/mine.d empirically, or, preferably,, by administering 
aliquots of cells to a. patiem untjl. the sy.rnptprns of the disease or disorder 

25 are reduced or eliminated. Generally a first dosage will be at; least; 1QS 
10^° cells.,, in addition, th.e..dosage will,ya.ry. depending upon treatment r. 
sought. 
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As used herein, therapiautically efifective refers to an iamount of 
cells that is sufficient to ameliorate, or in some manner reduce the 
symptbms associated with a disease. When used with reference to a 
method, the method is sufficiently effective to ameliorate, 6r in sorrie~ 
5 manner reduce the symptoms associated with ^ disease. ''' '' 

As used hierein; mononuclear or lymphoid cells (the terms are used 
interchangeably) include lymphocytes', macrbphEigbs; arid monocytes that 
are derived from any tissue in which such' cells are present.' in general 
lymjahoid cells are removed from an Individual who is to be treated, the 

10 lymphoid cells may be derived from a tumor, pisripheral blood, or other 
tissues, such as the lymph nodes and spleen that contain or produce 
lymphoid cells'. ■ ' ' ' 

■ > As used' herein, therapeuticaHy useful subpopiilaltioh 
ex vivo expanded moriohuclear or lynhphoid cells are cells that are ' 

1 5 expanded upon exposuri^'^bf the cells to a growth pr6rhoting substaifices, 
such 'as lym'phbkiries, when the' lyrhphoid cells'are' cuitured' ex ' "v The 
therapeutically useful subpbfiulations'^re regulatbry cells! 6 
and- cbnita'ih clinically relevant numbers of cells, typically at least abb'tit 
1 0^ or more cells, which are preferably in a clinically useful v6!ijnne-^(l.e.. 

20 for infusion) 'that is one liter or less. v 
As used 'herein, a theirapeutically effective number or dlinicaliy- 
relevant number ex vivo expanded cells is the number of subh bells that is 
at least sufficient to achlevfe a desired therapeutic effect, when siibh 
cells- arie used iri a particular m'ethod of ACT. Typically such number is at 

25 least 10^ and nribre preferably IC"* or more.' The precise number will 
depend upon the cell typa and aliso the int'erided target or result. ' 
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As used herein, a hoilqw. fiber, bioreactor or hollow fiber bioreactor 
cartridge conta|ns an outer shelj casirig that, is suitable for the growth of 
T-^^'T^''^" f?®-!'^': ^ pl.urality of sernirperrneable hollow fibers encased 
within the ^hej).. that. are suitable.^or the.growthjof mami:naliani;cellsi o or 
5 near them, arid thft ECS, vyhich,cqntains/the cells and the. EGS ceM i . , \ 
supernatant. , The; iijterjor qf^ called the lumen and the 

area betyveep, t^e. outside of ;the capillaries to, the. inside of the outer . 
housing is called the extracapillary sp^ace lECS]. . . • . .. 

. "•^I®^":^? '^Vl^H''? rn?«lW»P.-perfuses;through..:.the fiber lurnens.and is 
^ ^'^9 •1?!',"?'?.'' s^eM. surrounding said fibers: The tissue- culture 

nrjedlum, yy.h|ph jjE»ay: differ, |n these ityva cornpartments,' cohtalnsfidif fusible 
comppnerjts that are capable of sustaining and permitting, proliferation of 
. •'T'SPyP? P?:'!?- The Piedium ;is pravidediin a; reservoir ffdm which it is .' 
PW??Rf 4 .through the- fibers,. The,flpvy,rate . can be ^controlled yaried by the 
15 varyir;ig,the flpplip)d,prj;s.sure. The iEC5 qr;perfusing medium may 

additionally contain an effective amount of at least one. growthrpromoting 
or suppressiog-^ubstance that specifically. promotes the.expansioh or 
suppressipn lOf at least one subpopulgtion^pf the Jmmune cells,: such as^ 
TIL cells or regulatory cells, in which ,the effective amount is an amount 

20 sufficient to effect said specific expansion. -- „ . . 

. As used, herein, a hollovv cell fiber culture system includes/bf a 
hpllovy fiber bioreactor as well as pumping means for perfusing medium 
through said ^system, reservoir means for providing and collecting = 
medium, and other cornponents. Including electronic controlling, recording 
25 or sensing deyices. . A hoHow fiber bioreactor is a cartridge. that contains 
of a rr]ultitude;p.f semj-permeable tube-shaped.fibersi encased;in a.hollow 
shell. The ternns hollow fiber, reactor and. hp|lpw;fiber bioreactor are . 
used interchangeably. A preferred device fqr methods is that described in 
copending, allowed, U.S. application Serial No. 08/506,173. 
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• As used herein, ECS refers to the extra-capillary space 'cell 
supernatant. It is the mediurn in which the cells in the ECS are growing. 
It contains secreted cellular products, diffusible nutrients aihd any grbwth 
promoting or suppressing substances, sucK^s lyhiphbkihds' anci 
5 cytokines, produced by the ciiltured inrimuhe cellk or added'^tb thef ICS or 
tissuexulture mediurh. The particUldr cdrtiponents included in the ECiS is 
a function not only of what lis inoculated therein, but dliso of the ' '^^ 
characteristics of the selected hollow fibeir.-. •' ■ ■ •'•> • ' ' 

' :. As .used- herein, -tisisue' culture' nnediunfi includes any culture' medium 

1 0 that is suitable for the :grb^/Vth of mamrhaliah bells ex' S/i\?b . Examples of 
such medium include, biif are hot limited to AIM^V/ RPMl 1 640, arid ' 
lscove's= medium (GIBCO, Grand Island, N.Y.). The mfedium may bfe ' 
supplemented with additibnaririgredients'in'cluding'sieri^^ serum -prbteihs, 
growth suppi'essing, and ^growth'prbmbting' substancfes, such''mitbgehic 

15 monoclonal antibodies, and selective ageht^ for selecting ge'rieticalTy 
engineered or modified cells:^ ■ y" ■ ■}' '= ' " ■ 

: As used herein, treatment' means any manner in which' thff ■ - 
symptoms, of a- condition, disorder or disease are ^ameliorated br otherwise 
beneficially altered. = Treatment also enbompasses any pharm'abeUtical use 

20 of the compositions herein. • ; ... . • ' :> ..t.;.., . 

As used herein, a vaccine is a composition that prbvides protection 
against a viral infection, cancer or other disbrder or treatment' for a viral ' 
infection, cancer or other disbrder. Protectibn against a viral infection, 
cancer or other -disorder will either completely prevent infectibri or the 

25 tumor or other disorder or will reduce the severity or duriatib'n of infectibn, 
tumor or other disorder if subsequently infectbd or afflicted with- the 
disorder. Treatment will cause' an anrielioratioh in one' of rribre symptoiTis 
or a decrease in severity or duration. ' 
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As. used herein, amelioration o 
disorder by administration .pf- a particular composition, refers to any '■ 
less^ping^ whether permanent or temporary, lasting or transient that can 
bp attribLited to or associated; with administration of the.; composition; . • 
5 .. used herein, substantia 

to appear.free of readily detectable impurities :as determined, by standard 
methQds.,9f,.analysis,,,such as- fiow; cytprnetry; use;d.,by those of skilKin the 
art Jo assess, 9juch_ purity, ,or sufficiently: pure suph .thai further p.urif ication 
would not detectably alt^r the physical and: chemical properties, such^as: 

10 biological activities, of thejsubstance. , Methods for purification of the 
immune cells to produce substantially pure populations are known- to > 
thpse ofi skill .jn the. art. A substantially pure cell, population/. may, 
hpwj^yer.,:.b,e-a nrijxjture of subtypjes; purity refers to. the activity : profile of 
the pppulatipn. |n such.- instances, further purification imlght increase; the 

15 specific activity^pf the cell: pppulation:.; , . '.:■! :: - :! 

/• As ijsed h,ef;ein, biological activity refers ,toi the .in vivo activities of 
immune cells or;phys.io|og|cal respppse.s-that; result upon in vivo i 
administration of .8: c.e|.l, cornpo.sition or, other-mixture. li Biological activity, 
thus, enconripasses. therapeutjc effects , and, pharmaceutical activity of 

20 such cell$, composition^. and mixtures; ; . . ^ : :^ :,; : - 

Although any similar or equivalent methods and rn.aterials can be 
employed in the practice and/or tests .of the meth.ods and cells provided 
herein, preferred embodiments are noWi.desQribed. .. 
B. Effector and regulatpiV: immune cells r 

25 Encounter of a host yvith antigen can result in either cell-mediated 

or humoral classes of immune response. .Regulatory immune cells. control 
the nature of ap immune response to pathogens [see, Mosmann, et\al; • 
(1986) J. Immunol. 136:2348: Cherwinski. et ak .M987t J. Exp. Med. 
166:1229; .and Del Prete, et aL. (199H. J. Clin. Invest. 88:3461. :The . . 
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different types of responses are attributable to the heterogeneity of CD4* 
T cells. 004"^ . cells can be sub-divided according to thiisir cytokine 
expression profiles. Theise cells are derived fronr> a conririridn precursor. 
ThO; which can produce Thi ; Th2 and Th3 cytokines [sei, Firds'teih, et 
5 aL (1 9.89) J; Immunol.- 143 :51 81. ■ As hotied above,'ThT clonWs produce 
IL-2, INF-K, lymphotoxin and other factors responsible for prtomdting ; 
delayed-type hypersensitivity reactions characteristic of cell-n^e'di 
immunity, These cells do not express I L-4 or IL-5.^ Thi cell^'prbrnote 
celUmediated inflammatory reactions, support rhacrophage activation, 

10 immunoglobulin (Ig) isotype switching to !gd2a and actWate cytotoxic, 
function* = ^'■■■■■■!- : r ■, ■ ■ ■■" 

Th2 clones produce cytokines, such as IL-4, 11-5, 'IL-6,' IL^fb arid II- 
IS.rand thus direct- humoral imniurie responses,' end alsb prom^ 
type: responses. Th2' cells do hot express IL-2 and-IFN-K. Th2 dells ' 

15 provide help for B-cell activation, for switching ta the IgGI and IgE* ' 
isotypes and for/antibody production [see. eJo: '. Mosmanri et al. (1 989) 
Annu. Rev: Immunol. 2-1451:^ Th3 cell prodUfc6 lL-4';"ll:-10'and TGF-iff: ' 

..i The cytokines produced by Thi arid Th2 bells are mutually' ' 
inhibitory. Thi cytokines inhibit the proliferation of Th2 cells and Th2 ^ ' 

20 cytokines inhibit Thi cytokine synthesis" [seei" e.g.' ; 'FioreMirird'. et'al'. 
{1989) Med^ 170:2081 (1989). This cross regulation results in a ' 
polarized Thi or Th2 'immune^ response to pathogens that can result in 
host resistance or susceptibility to infection. ■ 

Development of the appropriate-regulatory imrnurie celi response 

25 during infection is important because certain pathogens are most 

effectively controlled by either a predohriihahtly ThI dr Th2 type immune 
response [see, e.g.. Sher. et al. (1989)' Aiin. Rev. IriirriUnbl. 46 :1 1 1: ' 
Scott, et aL ( 1 991 ) Irrimunol. Today 12:346; Sher, et ah ( 1 992) ' ' 
Immunol. Rev. 127 :183: and Urban, et aL (1 992) Imrriunoi: Rev. 
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1Z1.-205], For example, a correlation has been found betw^ - 
. pre(Jpnri.inantT^gijlatory imniune resppnse and dis.ease sus.ceptibility in 
leprosy^Isee, .1^, Yam^^^ Science 254 :2771 AIDS [see, 

Clerici, M aL,|1 9 Jmmunof. Today 14 :1 07],^ toxoplasma :[see, _ 
5 Sher,^£t,3L. H ?J9) Ann. Rev. Immunol. 4fi: 1111 Hashimotp's thyroiditis 
..(pe?,^^.. Del Pre^^^^^ M aL ,(1 989). Autoimmunity 4:2fi71 firavorc disease 
tseg. g^. Turner, et.al.. (1 987); Eur. J. Immunol. 17vlRn7l ,. 
.,tran.sjpiantatipr»J^ el sL (199.1:) - . Transplantation . , 

51:887], ^pe. l -diabetes IsejB, s^„,Foulig^ et.aL . (1:991) Jr PathoL ■ • 
10 13^:^7), multipl,e sclerosis [see, gA. Be^ €l aL (1991) CHn. Ext>. 

''^n^"nPl-.!^.'*i^:71vg"4lhp?jf?g*°''j ai:thritis~[see. e.a. > Quayle ; e% al.: ■ 
(1993) Seand. J. Imrnunol 38:751. . . . , . : :. . .-5-..; 

^.iThl r.respons^Jn. mice .ja-p yjral jnd fungal irifection is 

assodated.yvij[f..r^esistar)qe, white a Th2 response is associiated vvlth ; 
1 5 disejase, i.A- Th2:response cures cej^aip helminth: infections. ip .mice and 
e^ager|bgtesviraHnf^ , A vjh2. .response .hasbeeo correlated .with:. 

Aip,S.apd autpiiTiniunfs jlisea^^^^ \p humans , and .with aljergip disorders/and 
*''^'^.?P'?!3^ r!?j5.?T|.9n- Ano^.her .regu|atpry cell, designated Th3, produces 
high, amounts .of TGF->? and ean protect rplp^ from, a^diseaise, similar . to. 
20 mLiltjple sclerosis [see^ e^, Chen; st aL (1994) Science 265 :12371.... 
Categorization.pf these responses may be/empirically..dete!r.mined ahd- 
have been docurnented [for a. surnmary see, e.g. . Mosmann et aL { 1 996) 
Immunology. Today 17:138-^1461. . . 

Subsets of CDS* T-ce!ls also are known to secrete a jhlr or Th2- 
25 cytokine pattern. Exposure of CDS* cells to. IFN^k and; IL:2. direct 

differentiation irito Thi cells; vyhereas, iL-4 induce? differentiation into= 
-^'^^-^.f l'? v ^*^l-:^P5*r:Pel.ls are thought to be important effectors, in the 
immu.ne . response to viruses,, while, Th2 CDB"^ cells, have an.immu.no- 
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suppressive function:- - Other regulatory cells cari'be characferiied by 
nnethpds similar to those used to characterize the abbve-y escribed ceiis. 

■ By virtue of this.icrbss regulation and the iririmune ihribafarices ' ' " 
observed in disease states/ as describied hei-fein;Veguratbry'ceM^^^^^ 
5 therapeutic for th^ treatment of a variety of diseases. Such use haW beten 
derribhstrated'.to :s6rtie"'exterit in aninhal rrio'ciels;' bbt has^hot been possible 
to achieve In humah^. FoF^exarhple/ adriiihisn^^^^ T-cells ^Vitf 

Th2 aptigeoifspebififc clones idf.ActihBbacf//&s acMoihyyehm^^ In 
combinatio.a(did a'rtie'libratelpeiribdbhtaWdisedsis iri' hiide Vats (see/ 

10 EastqQtt;:fif iLf(ia94) Oral^Micrdbld l. \mmiih6ii 'diiS4^iifi^A^.'^^ 
specific;i.Tl>.1. ^ceH'ctones-have 'beeVi'shown ta protect agairist infection ' ' ' 
with the protozoan Leishmania major, gehitlal infectibh' with c/r/^m/^^ ' 
trachomatis and rhuririe candidiasis [isee, Povi/rie',-'^ aT. 11994) J/Exp. 
Msd^il79;589; HgietseVnej^eJ Mi (1 993) Wt'dl. Redmnai^lmr^uhlieO ^ 5:31 

15 and Romania 991 ) .IriiiiJna^^ cidnes 
have been shown to' prevent autbirririlurVe uve'dre^^^ 

( 1 993) / Eur: -J . : imihriuhdh' 23:30961^ antigfeh^jjecific Th2 bell^cidhS ^ 
haS'been: shovirh to'suppfess ah aniriial mbdeTbf ^multiple sclerosis [sWe, 
Chen.-et aL;- ( 1 994) vScience 265 ; 1 2371; Dbhbr-spiBcific Th2'cells bah ' 

20 reduce lethal:'graft;vs:.:hos't '^disease in transplantation |sisy; FoWler^ 

(1994) Adv;i Bbrie' Marrow Puro. Process. . Fo urth Int.' Sviinnbs: . Wilfiy- 
Liss, Inc., p.- 533].' 'Purified T-cells With bnKaricyd Th2 adtivity havV al^o 
been shown to prevent insulin-depehderit diabetes-like ciisease in ahimals. 
See; Powell et-al; {1993) Jl Exoi Med. r77 :'627. 

25 While Th2 clones have been used in adoptive transfer studies in 

animalsi regtiliatory cells, ihcluding ThI aiid Th2 cells', have niot been used 
in ACT protocbls in humanis. Such jarotocbls are liriiiteb by the inability to 
differentiate and prbduc'e therapeutically effective quantities of such 
regulatory cells. The methods herein, however, provide a means to 
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produce such c|inically relevant quantities of cells, and, thereby provide a 
means to anneliorate disorders, provide, vaccines, and suppress tissue or 
organ rejection. The methods herein -also provide; a means to produce 
cliriically relevant quantities pf relulatorV: and; effector celts in the. absence 

5 Of.lL-2., , ■ .-.-i-.-C: r^'-^ . ■;■ - 

Also provided, |ierein,..are met^^^ 
th.e.rap^ut!cally . u^^f u| -fo.r treatment of HIV infection, . including treatment 
of AJ.p.S. by:.eochancing^^o irnrnyne system [see;: e:a. :; ; : 

Examples.3 and 41..:, 

10 C. Methods for production of regulatory, cells ... 

, tRh 9!?*.?Jn!n9 /egulatory cens f pr .use Jn .ACT, protocols is 
provi^qled he.relri. . A.rnethod for pbtainjng effector cells for use in ACT 
protocols without the need for exogenous agents, such as IL-2, that ■ 
sustain the viability of .s^ is also; prpvidisd.. The method includes 

1 5 some or, .all (c^f the, fpliowirig . steps:, ^^ ) cpllectihg mononuclear cells from 
a, patieni:..(2) treeting the cells ex vivo vyith that agentsnthat cause some' 
or all of the cells tSithe dlffe^reritiate ipto desired T cell subtypes;.' . : 
(3) purifying the resulting, celjs; and (4.y 

contacting thern with, e.mitogenic agent that specifically .interacts, with a. 
20 cell surface receptor. Such,:agents are |ierein preferably mitogenic 

monoclonal antjbpdies. The exparided ceMs may be further purified to 
select for the desired subtype. 

. 1 . Collecting rnonongclear cells . : 

Mononuclear cells. (Le., lyrnphocytes and monocytes) can:be 
25 obtained froni a vari.ety of sources, including, but not limited ^ 

peripheral blood,. lymphoid tissue, biopsy ti.ssue pr.from body. cavity 
lavage procedures. Preferably, the cells are obtained by simple , - 
venipunqture (50-500 m|). When larger numbers of cells are-required, 
they.^may.be obteinecl,by a lymphapheresis. procedure. The mononuclear 
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cells . can be purified from the blood using Ficoll-Hypaque derisity gradient 
centrifugation or ariy- other suitable niethod. ' .rr ;!0' . 

• a. Ex Vixm Differentiation ' 
- Many studies haVie indicated that different antigens can cause a 
5 selective induction of distinct immunoregulatory cell subsets, causing the 
development of either a hurhoral or cell-mediatdd immu'ne resjabhse. 
Furthermore, many diseiase states are the result bf tKe'predomihand^ bf 
the certaimceli types .'^ Recent advahceis lh 'the'unde^ 
mechanisms regulating the differentiation of T-cell subsets allows the " 

10 generation of selected sublets ex' vivo .' - ? : '.o; . .-.. ■ .!.. v, 

.i ;:::SeyeraVf actors/ incltidihg thie dose of'anti^isri; the t/pe 6^ antigen 
presehtingxeli arid the MHC h^plotype of dri indiyiduarban al^^bt the 
diff erentiatiori' of - specific^ types of regulatory immiine ceilsV Vi^rioos' 
cytakines are also abi& to affect the typfe 'df regu^^^^ 

15 develops in a person.^ :For example, it iis knbwri-th'af^the'pjreseife 

during initial' T-cell-activatidri ogive's rise .t6-.?Th'2-lil<e ■ ceirj^Tsee,' HsiilS; ^fii'aL 
( 1 992) Proc: ISIatL' Acad: Scii H-SjA: SSiSQSg ai^ti^Pali^Vd j'Bt ^ M QrtR) 
et al. J. Immunol. ?T41:849i^ Cohversely■ activatidh of cells' irl'tha 
presence of IL- 1 2*or' interf eron-gahrinria lead$i t'b the- f birm'atibri bf Th 1 -like 

20 cells [see, Sedar, igf iLf (1 993)- Prclc: Na-tii;^Acad: Sci. U:lg-^fe '96: ffil sai' ' 
■ Accordingly; in a- preferred embodirrient,' the rlibhdnubleaif cbils' ' 
collected in the first step of the present proces^' are riexf^adtivated in thie 
presence of IL-12, interferon-gamrna oir iL-4'tb'cause the cl^veloprhent of 
Thi or .T.h2. cells, respectively. - To enhance the diff erehtiatibn of ' 

25 regulatory cells, antibodies to IL-12 and/br interferon%annnna can be used 
to promote Th 2 responses, while aritibbdiies to IL-4*cah' be used to 
promote the differentiation of Thi cells. Ahtibbdles or bther prbteiris 
specific for the IL-T2, ihterferbn-ga'mma br iL-4 receptor oh T-ceil^ could 
also be used to provide a signal in place of the lyhipHbkines; The cells' 
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can be activated either non-specifically with chemical, agents; such; as PHA 
and PMA or with monoclonal antibodies such as anti-CD3 .;or anti-GD?; 
Preferably, they are.aictiyateci specifically with natural or man-.made 
protein antigens added to. the medium, processed and p.res.ented by ;APC 
5 to,T-cel|Sv-Jt rnay.be.n to vaccinate the patient . 

prior to bipod ppjl^ction in ,o.rder to, iricre,a^^^ number of i 

antigerj-sppcif ^c, ,cdis, . . 

blood ;Cptlactipn.i Jn,ca5 yy^her&the cells ;gepera.t.ed are; ^ for a 

known antigen, the. ant[gen used after thiSjCell ireinfusion as a 

10 booster to increase the desired regulatory cells in vivo . , Additjonal* i. 
syjta|||is Jpr .^ttectm the 
presence of .5|fB7. 2 rnAb or TGF-yff.. Jh2 ;differeniti.atip!;i>a!sp,,cani be- . . :: 
promotejd by.aptiy?tipg ceHs jn the preseric^.of one. pr:.n:iQre.:Of agents, 
S^n® .rOPi^f the;vfollq\ying: qBJ. li; mAb.i Iqyy .^antigen doses 

15 and.,9TLA4/|g jfysipn protein (CTLA4 Js aJigari.clKfor CD28).' cCD28;|s 

expressed.pr),TrCensancl;anj|gan.p^^ r.r:) r^i : 

... : The type . of Tegiijatpry iCe|ls..g€!nerated.shpuld?be-?detBrnoined f rpmr. 
animal mpd^lp pf the. drsease,.^^^^ J.t is, known ithgt not altregulatoryxells . 
within a classification are alike. Fpr example, ,spm.e.Th2;-cells secrete high 

20 jeyels cf .ILr4,.;and . )o..w levels .of |L-1 0, vyhile .others have.J.ncreased:.levels 
of IL-5. .Othpr regMlatoryrCells^^^ 

Regulatory cells termed, "Th3" cells secret^^ deemed 
preferential for treatnient of n^^ 

b. Regulatory Cejl Isolation : 
25 Mpst techniques for isolation of Jmmune cell subsets are based on 

the reactiyity^of mAb against T-pell surface antigens,; :Ppsitive selection 
can.b? achieved by /fluorescent-activated cell sorting [see, ,ReinherZjet ah 
(1979) Proc. Natl. Acad. Sci. U.S.A. 76:40611. Various panning- 
t^phniques, where. specific rnAb.are bound to plastic plates tp capture the 
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. desired T-cell subsets can also be used. See; LLirh, et aU (1 982) Ceil 
Immunol. 72 :122. 

Panning techniques can be used for hegative seiectioh as well, 
depleting unwanted subsets with splbcif ic rnA& [see;' e^, Englerrian , et 
5 aL (1 981 ) yJ. Immunol. 1 27 :21 241i The us'd of rriaghetic polVmeir beads' 
coated with hnAb is a preferred method to isolate highly purified, 
functionally, intact lyniphoid cell populations by' pbsitive and riei^Wtive 
selection [seef eig-i^^^Lea, et 1 '985) Sc arid V j ; - 1 hrt mu nb 1 . 22:267; Lea ; 
et aL (1 986) Scartd.' J. ImmOnoU 23:5d9)"and Gaudernack/et aL ( 1 986) 

nj Since an tantibody has' not yet been desdribed that can distiH'gtii^h" 
regulatory immurie cell'Ssubsets/effortis rilusf be' made to erihahce the ■' " 
desired..pppulatiori by (iUrifyrng'oli' the basis of ^^^^ 

proteins: For example, CD36 jjoSitive [see-' Marietti, 'et aK (1994) J: Ex'b':" 
1 5 Med^ ilL8Qt2407ir fcD27 hegativie [see, Elsiort, ^^aL:'( t994y Irrt^'IrnmUhtyl: " 
fi:1003] and CD7 negative [see- Auti?ari, rt?aL^^ 

154::1408].;cell pbpuratiolis havie'beeh shown to ha^CTe f of .Th2 

cells. :<Aiso, repeatedly contacting the cblls with aht!-GD28 hriAb'iS 
another method for enhancing Th2 cells.' ' • f^ -. 

20 Another strategy for purification of regulaYdry ceills'is'to expand the 

cells in .the presence of agents known to inhibit the growth of the 
unwantiBd subset{s) of cell. Subh agents include dexarneth'a^^ 
colchicine. CTLA4/lg fusion prbteiri and prbgesterbrie; w^^ 
cell growth. TGF-)8 inhibits Thi cell groWth.- 

25 . c. Regulatdry Cell Expahision 

Methods for expanding purified T-celis to cUnicallyVe^ 
numbers ex vivo without the bse of exbgertdus |L-2' are provided herein'. 
Although.1L-2 could be used iri the present method's, it is preferably to 
grow cells without the addition of this cytokine. Cells exposed to IL^2 ex 
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vivo may become dependent on ithe, presence of.' I L-2 to niaihtain .their ■.' 
viability and function, reguiring the system infusion of IL^2 with thie 
cells to.t^e patient.,., Because the systjerjiic, infusion of IL-2 is knoWn to be 
^>rtr^r»ieiV^tpxic.tp.ps!tients^^^^^ 
5 cytokine^ , ■ ■., .,..,....1^1, ^^.,3^ o i^no .al;;"-".- •■H;^v;.v^: i-i : ' ; \ 
In order for T-cells to proliferate, they, require two separate, signals.- 
''"'^^f.^'rs?; signal i? geA?ra!ly deliVBred.thro.ugh.the.GD3/TeR antigen 
complex^on.t(ie ,s.yrface,pf the, ceHs. . .The. second Js-generallV' provided i 
^^rPilt^g^;?!^?, !K:?:.recfptor..; ln,orfier.jQ..bypass.the:;lL:-2L^^^^ 'f 
10 combinations of mAb are used. Preferably; the mAbTare;iri the soluble" ' 
phase or immobilized on plastic or magneticobeads7 in'brder to simplify 
the ce|l,haive$tipg[;procedvires . :.; , t ":/> r- ;^^'v,f: ■■■ 

.i 'H'-- ni,^ ...:'vr: Xn^-fFirst.signalfji^iv: yy^=} -i^' -= ' •rns'p;;- ;?=--[;;!■• 

i- o T9;PrP.Vid,efthe;%st:signal,.;lt.i 
1 5 mAb jtq ,the^ ,CP3^,CR;,cpnripl.ex, but -other suitable signals/suc aisif biit'- - 
not Hniited^-tp/ antjgens/. super, aritigens,. pblVxilonal activators- Vanti-Cb2 - " 
and anti-TQIR ;antjbo,dies, may be used..H .Other suitable-agent's can be'^* ' ' -- 
empirically idgn^ified..i.JmmQb.ilized-or. cross-^ sucli'a^ 
°=!fT^i9r:64-K capiactiy^^ 
20 ( 1 98^)^ Nature ^M:il1^^4;5J. . .QjherrPOlyclo.nal lactiyatpjsr iho.w s'u'cfi 'as-' ■ 
phorbpj rnyTistate acetate can . alsp;\be used- [see .< &. a . . Hanseh,- 'ef alv^''^AJ! 
(1980) Immunoaenetics : 10 :247U . . . - o : 

Monoyaient anti--CD3;rriAb ,in the solu.ble.^phasexan also be used to 
activate T-cells , [see,. Tarnura,. et .aL (1,992) J. Immunol. ,148 :23701 . 
25 Stimulation of CD4+ cells vyith monovalent anti-CD3 rriAb in the soluble 
form is preferable fpriexpansion of Th2 ceils, but not Thi cells [see, - " 
deJong,.el aL (1992) Jv Immunol. 149 :27951. Soluble heterocohjugates 
of anti-:CD3 and anti-T-cell. surface antigen mAb can-prisferentialiy ^ ' 
activate, a. particular T-cell .s.ub5et .[se.e...Ledbetter, €t al. (1988)i Eui-: S. - 
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Immunol. 18:525]. Anti-CD2 mAb can also activate T-ceI!s [see; Huet, el 
ak (1986) J. Immunol. 137:1420]. Anti-MHC cla^s II mAb can have a 
synergistic effect with anli-CD3 in inducing T-cell proliferation Es6e, ' 
Spertini, es aL (1992) J. Immunol. ' 14Qrfim Anti-CD44 mAb ban activate 
5 T-cells In a fashion similar to antl-CD3 mAb. See, Galandrini, et aL 
(19931 J; Immunol. . 150 :42251..'j.' 

, For purposes. herein; monoclonal antibodies to anti-Cb3 ar^ 
preferred.; .:.Anti-CD3=js used becauise Cb3 iis' adjacent to the T-cell 
receptor. Triggering of.iCD3, such as by monoclonal antibody ihtefactloh, 

10 causes concomitant T cell activation. - - : 

' ■■} Second-Signal ■■ -■r. 

. To then cause proliferation of such activated T cellsV a second ' 
signal is required. A variety of mAb singly or in cdhibinatlon can provide 
the second, signal fpr T-cell proliferation..; Ariti-IL-4R mAb (specific for the 

1 5 interleukinr4 receptor molecule) can enhance theiprbliferiatibh of ^he Th2 ' 
cell|5.[seei Lindquist> si aLr(T993) J. ImmunoL 1 5Q:3941. Imriirthiili^B^ 
ligands or mAb against CD4, CDS, CD1 1 a (LFA-I ),- €049 ^(VLA)/ 
CP45R0, CD44 and .CD28 can also: be used tb^ enhance T-celi 
proliferation [see? Manger, ^e^ aL M 985) J. ImmunoL 135:3669; Har^/st' 

20 aL (1 985) J. ExoirMed-. 161; 151 3; Shimizu, et^ (T990)> J.1mmiihbi: 
145:59; and Springer, (1990) Nature 346 :4251- Cell surface prbteiris 
that are ligans to B-cells are preferred targets for Th2 cell 'prbliferation" 
while macrophage ligands are preferred for Thi' cell prbliferatibn. ' 

Anti-CD28 mAb in coiribinatioh with anti-CD3 or ahti-CDiZ induces 

25 a long lasting T-cell proliferative response {see, Pierres, et aL (1 988) Eur 
J. ImmunoL 18:685]: AntiTrCD28 mAb in combination with ahti-CD5 
mAb results in an enhanced proliferative response that can be Sustained 
for weeks (see, Ledbetter, et aL (1985) J. ImmunoL 1 35 :2331 1. Anti-' 
CD5 mAb alonis can also provide a second signal for T-dell (jrbliferatibh 
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[see, Vandenbergh? et aL (1991) Eur. J. Immunol. 21:2511. Other mAb 
known to support T-cell proliferation include anti-CP45 and ,CD27 [see, 
Ledbetter, ei sL (1985) J. Immunol. 135 :1 81 9. and Van Lier, et ah (1 987) 
J. Immunol. 139 :1 5891. . v 
5 To. determine the combinatipn of ,rnAbs or proteins that optirnally 

induce sustained regulatory cell proliferation, a screening procedure. using 
combinations of thfse or proteins;is. used.. The. cells a,re incubated: 

with various combinatipns of. these, substances and screened: for growth= = 
by analysls of .^H-thymi^jne^ incorporation, or equivalent methods^ . The r 

10 group dpmpnstrating the . be^t growth characteristics is selected for: use in 
the m^iurn.;. . ..^ -^t- or i.. --.v.-::; ,v. .; j ;i.;:-:!-.?2 ;• 

. . , .Expansion 

Iri order to. expand purified T-cel|s tp cnnically. relevant numbers of 
up to ,100,bUlioo |1Q^!), the cells should be grovynjo high density. This . 

1 5 can l?e apll'eyed "?'ns any suitable irieans, including, but not limited .to: 
stirred tank fernientprs, airlift iermentprs* rpller bottles; culture bags, and 
other bioreaptor fipvices. . Hojlpy/ fjber bioreactprs are presently preferred. 
Hplloyy fiber bjoreactprs permit cells. to be cpltured to the required high 
densities in a minimal volume. This reduces the amount of monoclonal 

20 antijap.dies, serurn and medium required. jn the- p.rod.uption. process., ;ln 
addition, selection of fibers with molecular weight cut-pffs..pf 60.00-., . 
daltons wii; alloyv continuous feeding and vyaste product removal while 
retaining eel! derived cYtokine^ in the culture ,space, : These cytokines, 
such as |L-2 and IL-4, prornote and sustain, cell viability and proliferation. 

25 T-cell?, like nnost mammalian cel|s, will grow to a .maximum density 

of 1 X 10^ qi^lls/ml in tissue culture. - Thus, a total pf, TOO liters of culture 
medium vyould be required to support TOO billion, cells. In addition, the:: 
100 liters of medium would have to be replenished regu'a'^ly to maintain a 
proper nutrient/yvaste product balance necessary tp. keep the ciells viable. 
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A method would also be required to keep the 100 liters of medium 
saturated with oxygen. V 

Hollow fiber technology for cell culture is well known [see. e.q. !! 
U.S. Patent Nos. 4.220.725, 4,206,015, 4,200,689, 3,883, 392ii ah<i 
5 3,821.087; see. also, U:S. Pateht No. 4,391,91 2; U.S. Patent No. 

4,546,083; U.S. Patent No. 4.301,249; U.S. Patent Klo. 4,£i73,55i3, U.S. 
Patent Noi 4/999,298; and U.S: Pateht No;- 4;629,686] 'and is used to 
achieve issue-like cell densities in culture [iJe'r ^ densities of grfeaf^r than " 
about 10' cells/ml]. The original hollow fiber bidreactor contaihs a ' ' 

10 housing with a plurality of artificial capiilary hollow fiber membr'ahds: The 
capillaries extend between an inflow opening at one end of the' device 
and an outflow opening at the other. The capillaries have selectively 
permeable walls though which dissolved rfieyium cbmpbhents can 
diffuse. The lurrien and ECS aris separated by pitting material at^^^t^^^ 

15 inflow.and outflow openings^ The housing -also' cdnta^^^ ports for acbe'ss 
to the ECS (enabling celiis to be inoculated ihtd th^ ECS [see. e.ci:f U.Si 
Patent Nos; 3,821,087; 3,883,393 arid 4,226,725, 4,206,015*' 
4,200,689, 3,883,393- and 3,821,087; see; also Knazek; 6t at (1972) 
Science 178 :651. 

20 . Hollow fiber techhdlbgy^^'permits cells to g 

greater than cell derisities [1 x 10" cells/ml or grieaterj observed in 
conventional cell culture. Thuis, only one liVier of culture vblum6 is 
required to generate 100 billion ciells. The reduced cell volum^'wBuid ' 
also decrebse the amount of human'serum and soluble mAb required in 

25 the expansion process.' In addition, high cell deh'sities providb ' 

environments that are" a closer appi-oximation to in vivb condition. ' 
The hollow fiber biorisactor is a component bf a hollow fiber' cell culture 
system.: A typical hollovy fiber cell culture system, 4uch as the 
CELLMAX"^?^ 100 hollow fiber ceil culture system (Celico Advanced 
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Bioreactors, Inc., MD), contains a standard glass medium bottle, which 
serves as the reservoir, stajnless stael/Ryton gear pump, an autdciavable 
hollow fjber bioreactpr, whiph contains the fillers and shell casing in 
whjcl;» celjs are cu|^^ apd rnedical griade silicorie rubber tubing;) or ■ 
5 other connec^tinp rn^ans,..wliich serves as a gas exchanger .to maintain; . ; 
the apprpprj?t^ pH. apd pO2.pt t^^^ components are. 

secu^;ed to a, stainless, steel tray of sufficiently small ^dimensions to; enable 
four such. sy§te_i;ns4p f^^^ 

chamber. The purnp speed .and; automatic rev.er.sal of f low direction are ' 

10 detemini^d by^an electronic control, unit whicli is . place.^ outside of :the 

inPMbftor^and jijs BB!}'?.?,9!'i?fi' ^l?: ?hS BMniPc'T'eJPf y'a. .a;flat. ribbon cable ... 

which .passjBs through the .gasket of the .incul5atpr.:dpor, :The;pump motor 

is magnetically; coupled to the pump and. is; lifted, frpn[i:the system prior to 

steam autoclaving. : ^ 

15 The preferred, HF bipreactpi:..system. for .usq hereih is described in 

copending, gllovwed, U.S. applipatipn Serial InJo, 08/506/173: t :.U ■ 

. 2., .. Preferred. HplioWrFiber Sy^stem-for Large Scale T^Cell . 
Cultures 

A HF system that closely emulates in vivo conditions thereby 
20 permitting T-cells to grow to densities of over 1 x 10' cells/rnis, 

preiPerabiy 1x10^ cells/ml, that uses fibers with a low molecular weight 
cutoff to retain rriitdgenic mAbs and serum components, and that does 
not have gradient forrnation problems, is described in copending, alloyved, 
U.S. applicatibn Serial No. 68/50€l,173. This HF device allows outfloyy 
25 of the lurrienal flow to be compietely blocked. This leads to equal 
perfusion of nutrients along the entire iength of the holloyv fiber 
capillaries. It also includes an oxygen feed on the, ECS of the bipreactor to 
provide desired oxygen delivery characteristics.. 
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- Artificial kidney cartridges [CD ^/ledica^ ibf HialeaH, FL] having a ' 
length of -14 inches; an ECS volume of vblurrie" bf 120 mi, and a ' 
molequliar weight ;cutbff (MWC) of 6,000 daltons were selebtbd as'the ' 
hollo w.fiber bidreactors for use in the hollo w fiber prbcessing abparWtus. 
5 To ensure. equal distribution of nutrients across the eritire ierigth of these 
low:iMWC cartridges; an autorriatic bn/off solenoid valve was' piabeci'bh 
th6.outfloW'Opening of the bidreactbr. WKeri the Solenoid* i^ iri the'"off' " 
position, medium.is- prevented from exitirig'tHe- bioreactor 
medium' ultrafiltrates to the cells in the EGS -equallvr to a of the'* ' 

10 bioreactor. ■.The- mediurfi-.theri' pisises but of the bibreabtoK through thb ^^ ' 
ports. I. Ultrafiltration'bf ' nutrients- lis mbrb physiblogicar anB theVe?ofe''mbi'e 
desirable f or :mamtenaribe< of dbh'sb cultures' bf'b'ells -[^e^, e.g. .' Swaab ei ' 
aL ' (1974) Cancer Resv 34:2^14: arid Davi&? ef^^L^ ( 1 974) Chem: Eiidi:' - 
i 7:2131. • 

15 -i n^o: remove the metabolib Waste frbfh'th 

solenoid valve is switched' to the "oh" pbsitibhr«nd-the mediur^ is • - 

^eturned'ata ^controlled prbssUre tb'thb ECS thfdiitiH tlie eist ports. The 
medium then moves radially into the lumen. Finally, the mediumjs 
carried but the outflow operiing^ 

20 The hblibw fiber system permits the medium that ultrafiltrates from 

the liiimen to the ECS (Cycle I) to be automatically replenished with 
oxygen arid foir the levels of glucose, lactate and carbon dioxide to be , 
adjusted. This reconditioned medium is then returned to the ECS when 
the solenoid valve is opened in Cycle 2. The same adjustments are 

25 conducted for medium oh the Iumenal side of the bioreactor. Iri this, 
manner, oxygen diffusion limitations can be overcome as oxygen is 
supplied to the lumen and the ECS of the bioreactor, eliminating diffusion 
across the hollow fiber capillaries as the sole means of oxygen transfer. 
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For large-scale growrth. of regulatory im 
bioreactors that haye Irpprpved fluid dynarriics^t^ 
formation are preferable [see, e.g. . jU.S. Patent No. ,4, 804,628, see, 
especially, allovyed copending ^.S.,applipat^ ?erial No?- 08/506, 1 73] are : 
presently pr^ferjed... .The hpH^^ fiber bioreactors, that haye such 
improved fluid dy^namics are. best sulted^for the Jargersoaleigrowth of 
regulatory inf>rpun^5:el!s. ., .. . ^s-.:,;.,. ■ -rr.^. 

'".P.^vfll^^-?*^^?^^"-'!?®"?.?' !T»'*og?P.'P fnpnPPtooal antibodies, a re 
coated onto the hollow. ..fiber surafce In. order to., deliver the proper signals 
necessa/y to pause the i.mm^ 

D. Effector. c^jfxp?msion_;. J. . , ;■, . .. ^-r.-. 

Eff^ctpr. cejjs are moponuclear celjs that have the ability to directly 
elimin.^je pathogens,or turripr^ceHSv^.;^ LAK- cells, TILs,. . 
^^^f: ^,'?;*'^??!X"PJ?^',yp'nS! P.:cells and qther!.such,:ceHs.^ These :cells =' 
are produced by first treating cells collected frprp a., patientin manner; - 
known to iead.to differentiation of .sucl^i c^lls.i.f or example, , TIL cells are 
produced, by culturm tumor tissue obtained by biopsy in. IL-2 and/or 
other agents that, lead, to TIL prod.ucti.pnr ...T,h^^ pejls .are.,then activated; and 
expanded |n,the.pre§enqfi of rnitQgenip.agents,,such.as monoclonal ,.• 
antibodies specifi^C; for, cell surf ape receptors or other agerits, as described . : 
above for the regulatory cells. 

In accord with.th.e methods provided herein, the cells are ;not 
exposed to exogenous |L-2. (or any other agent upon which.the^cells wilL 
become dependent for, in vivo activity or survival) and. reinfusio.n i.s not 
accompanied by co-infusion of IL-2. .; 

E. Selection of Immune Cell Phenotype ., ,.. 
Depending p,n, the. site of- action at .which, a regulatory effect of 

infused cells is required (or at which effector cells;;are required), different 
cell phenptypes rnay be required. .Lymphocytes. recirculate extensively . 
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throughout the body and theh localize in tissues and lymphoid organs. 
This is accomplished by an array of adhesion molecules oh lymphocytes 
and counter-receptors on the vascular endothelium, extracellular matrix 
and epithelium! Recent studies have identified several of the specific 
5 receptor/ligand interactions that mediate lymphocyte trafficking. 

Infused' cellg that heed to migrate but of circulatioh ( e.g to sites 
of inflammation) must have the capacity to move through extracellular 
matrix (ECM) of various compoisitibris: For example; suberidothelial' 
basement membrane presents-a barriei' rich' ir) type IV collagen,' laminlh ' 

10 and heparan sulfate proteoglycans. The ECM of the ihterstitiom contains 
collagens I and. Ill, as well as various glycosamihoglycans such' sis 
hyaluronic acid..-.''Fibronectin and vitronectin are also' encouhteredlh' ' 
base.meht membrane and interstitiiirrl . ' Imrnijhe ce'llis can be loaded ih^o 
columns :contaihing these rrlaterials in order ta screbn fibr 6ells capabib of 

15 migration through the interstitiurn. ; ;. ; ' ' .. ; ■ . f 

It is also know that cells with a "rhernoVv"" pheribtvbe (i:e. . 
CD45RA-, CD45RO + , CD29 ; CD1 1 a + , CD44 + , Cb54 -H ' CD58 + , L- 
selectin-) will accumulate hon-specifically at'sites of chronic 
inflammation. Cells that- express L-selectin eife least iik'ely to migrate and 

20 should be used vvhen the'desired regijiatbry effe in the 

lymphatic organs. 

Growing out cells with a defined antigen specificity may alsb be 
desired in order to prevent non-specific immunoregiilation. Antigens 
should be selected that are uniqiie to the site a regulatory effect is 

25 desired or to the disease-causing antigen(s). 
F. Practice of the therapeutic rnethods 

The therapelJtic methods herein are designed to produce 
compositions containing clinically relevant [at least iO^ fireferabiy 10^°, 
cells or more] populations of- regulatory irhmune cells 'and/or eiFfector 
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immune cells for autologous infusion for treatment. The methods herein 
do not rely or use any agents for expansion that must be present after • 
expansion to maintain cell viability or activity. In particular, expansion 
does not require or use jL-2. As a .result, rerinfusion of.the cells does not 
5 require or use IL-2, thereby obviating.tpxicity and other:i3roblems - 
associated, with |L-2 infusion. 

The compositions preferably contain substantially homogenebiis- 
populations of cells,, such as Thi cells or Thi -like cells, in which the ■ 
cytokine profije is predominantly one.type of cell < i.e. . greater than about 

10 50%). The cornppsitions can contain, regulatory immune cells, effector - 
cells or both, in alUnstances the composition^^contain clinically relevant, 
i.e. . .a. therapeutically effective, numbers of cells. 

Such . compositions can .be used, therapeutically to restore an 
immune cell Imbalance. Immune cell imbalances are common in many 

15 disease states. ...For example, a predominance of Thi regulatory immune 
cells has been reported in autoimmune diseases such as -rheumatoid 
arthritis [see. Simon, et al. (19941 Proc. Natl. Acad. Sci. U.S.A. 
ai:8562]; type l diabetes [see, Foulis. et al... (1991) J. Pathol. 165 :971; 
systemic inflammation (see, Brod. et al. (199T1 J.: Immunol. 147 :8101; 

20 inflammatory bowel, syndrome [Niessner.et al..(1995) Clin. Exp: Immunol. 
1Q1:428]; Graye's disease [see, de Carii, et aL (1 993) J. Clin. Endocr. 
Metab. 77 :1 120]; Sjogren's syndrome [see, Oxholm, et aii (1992) 
Autoimmunity 12 :1851: primary systemic vasculitis [Grau (19901 .Eur. 
Cytokine Netw. 1:2031: and rejected autografts [see, Benvenuto. et al. 

25 (1991) Transplantation 51 :8871. A predominance of Th2 regulatory ■ 
immune cells has been reported in AIDS [see. Romaqnani.et al. (1994) 
Res. Immunol. 145 :6111; candidiasis [see, Puccetti, et aL (1995) Trends 
in Microbiolooy 3:2371: tuberculosis [Zhang, et ah (1995) Infect. Immun. 
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63:32311; and allergy [see, Romaghahi, el aL (1994) Curr. Ooin. 
Immunol. 6:838r. . . i 

: Also,'the polarized Thi and Th2 responses in humaris to differeht 
antigens, are known to play a role in" protection, but also r6^ult in " ■ ' • 
5 immunopathology. • The methods provided herein can be used to cdi-rect ' 
pathologic Thi and Th2 responses by infusing autologous regulatory dells 
of the subset in short supply; thereby adjusting the ratios and abWolCite 
numbers;.. '.Since, Thi and Th2 dells have cross-regulatory projsertie^; lafge 
infusions ofs the .subset i.ri. short supply can counter-act the pathologic ' 

10 effects of ;an imbalanced response. : Some examples of the use of these 
methQd.Sj.and. c.ells for treating several .disease are provided. -It is 
understood that the following are exerhpHary uses; any coridition m'Which 
a pathologic T cell response is observed in which the ratios or'amdiuiits of 
particular, subsets of .T' cells are outside the normiai i-ange cah be treated' 

15 by infusion :of. the T cell subset(s) that^is in relatively short supply. 
1. . Administration - 

The compositions. of'cell .can'^be admlnisteredrby any suitablis^ 
means. Including; but not limited to, intravenously, parentSrally, or 
locally. ; The particular rnode Selected will'depend upon the particular 

20 treatment. and trafficking of the cells. Jntravendus iadministratioh is ■ ■ 
presently preferred. Typically, about 10'°-10" ceils can be administered 
in a volume of a 50 ml to 1 liter, preferably about 50 ml to 250 ml., more 
preferably about 50 ml to 1 50 ml, and most preferably about TOO ml.' ' 
The volume will depend upon the disorder treated and the route of • 

25 adminstrationi The cells may be administered in a single dose or in 
several doses over selected time intervals in order to titrate the dose, 
particularly when restoration of immune system balance is'. the goal.'- 
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2. . Treatment of autoimmune disordefs 

The rnethods.and composition of regulatory cell provided herein 
may used to treat disorders that have an underlying autoimmune basis 
or component.. . ...msiw 

5 a,.^ „^Tr^atm|mt.pf^R^ -. .s; . = 

I'S !^ .''T\!T?yP9'P9l.9§"y n3ediated,..chrpnic inflammatory disease - 
characterized by synovial infjammatipn; and autoantibodies. While the 
underlying c^use of R^^Js , unknown,. it..i well agreed upon that a fault in 
immune regulationijs a principal factor. contributing-.to the.disease 
1 0 pathogenesis, . Begul.ated, co.ntrpj of; normal immune responses are largely 
^'^!',:!f^")?.?J.'rit?JgStl°n?ibe^^ ari.d^th.e .cytokine :pr6duction^ofv: - 
macrophages, T-cells and B-cells. . . 

Disease activi.ty;jn RA pat|ents.-,has been positively correlated with 
the cytokine prpductiop of activated macrpphages: In an? inflamed jbint, 
15 macrophages prpduce large .anr>ounts of, pro.-inflamhriatoryicy^^ 

wh.i.Ch ipcjude, IL- 1„; IL-6, , IL-8, TNFro.and GMtCSF. These cytokines att 
to recruit Tbi. rne.iinpr.y cplls to the joint.;.and stimulate rheumatPid factcr 
(RF) production jeading tP, p^nnus.fprmatipn andj'oint deistruc^ 
Treatment protocols which deprease the levels of proirif lammatory Th 1 
20 cytokines in RA . have been shown , to iresult in clinical improvem^ 

The cytokines IL-4, and IL-1_0 are-known to down-regulate rriacrP- 
phage activation and inhibit their production of IL-1, \U6,. IL-8 and. TNF-ct. . 
IL-4 is also capat)le of, suppressing the uncQntrolied proliferation of> : 
synoviocytes, which is, a rnajor pathological feature of RA; i.lU4 and lUl O 
25 are produced by Th2 cells, ..vyhich are virtually absent from the RA joint. 
Rather, Ry^ joints have an abundance of Thi cells; 

Accordingly, RA can be treated by, generating large numbers of 
autologous, ex vivo derived Jh2 cells from RA patients by the methods 
provided herein. The resulting cells, preferably in amounts greater than 
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10^, more preferably 10^°, are re-infused into tKe patient to thereby 
suppreiss the chronic inflammatory lesions. Th2 cells of memory 
phenotype are preferred, since memory cells are most likely to m'igrate to 
the site of inflammation. In addition, the cells can be infused ih'an '"' 
5 activated state; iriftltrating T-ceilis in RA have beeri shoWn to have 5-6 
fold increases in: HLA-DR expression and 2-5 fold Ihci-eaiies iri'VLA-l 
expression, both of which are activation markersV - ' - ■ •^i 

; ilt is also preferred^that the infused ThZbbnsohiyexefrtheir'-^ " '' 
regulatory action, in the joints, so -as to prevent a' s^^ 

10 imnnunosuppressive effect. Since the eliciting antigen is unknoWn in RA, 
the Th2 cplls;used.should.be specific for unique joint antigens [e';a; . Type 
II collagen or proteoglycan]. 

, ,;b. . Treatment of Multiple Scierosi^ (MS) ' " • 

,r: .MS is. an: autoimrtiune. disease characterized b^' ceh'tr'al nervoLi^ ■ 

15 system inflammation: and.derhyelination. TheTegalation''of cytokine 

spectrum and production in .MS' is- thought tb'> have ' a decisive irifl'tiehbe on 
diseage outcome. Collective data. ha^~3Howh tha'^ 'Th T-alssbciated " 
cytokines, such as TNF-CT, lymphotoxini ihterleukin-12 sind interfefbh'^K - 
promotedisease/ while cytokines from Th2 cells, sucK'as lUlo;iimlt 

20 disease. In addition,: TGF->9 has been shown' to be a~disaa~se " ' 
downr.egulator. Studies in animar models of MS [experirhental 
autoimmune encephalomyelitis (EAE)] have deterrhiried that a r^guiatory 
cell producing IL-10 and TGF->S, termed "Th3" ', has the greatest effect 
suppressing the development and indUbing recovery frorh disease. 

25 Accordingly, the methods herein can be used' tb geherate' ■ 

therapeutic quantities of Th3 cells from MS patients for use in^^utoiogou^ 
cell therapy. Since recovery from disease is associatea with irifiltratihg 
cells which produce IHO and TGF-;8, the ex vjvo derived Th3 Cells 'should 
preferably have a memory phenotype in order to enhance migration to the 
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inflammatory lesions. In.addition, in order, to make.the 
immunosuppressive effect of the cells specific :for the inflammatory ■ 
lesions, cells specific. for myeHn or encephalitogenic epitopes of myelin 
antigens ( e.g. . rnyelin basic protein or proteolipid protein) should be used. ■ 
5 . c. .. .|.nflamma;toiy 

. IBD is a chronic inflammatory condition of theigastrointestinal : ; 
tract.. The.ejiplogy and pathogenesis of . IBD. is , not known. Crohn's'" 
disease (CD) .^nd ulc.erative..co.!itis (UC) are thought to be mediated by an • 
abnorn[ial.or uncp.ntrolled T-cell. reaction to one br.rhore common gut-''- • 

10 constituents. . Active CD; and UG are . characterized by increases in Thi- • 
like cytokines, with little to.no detectable Th2-like.;cytokines. ... 

Accord|ngly;,the methods provided herein can be .used to gerierate 
autologous Th2 cells for infusion, in: IDB patients..; Preferably, the infused • 
cells.wiii express the integrin,,.fl4,/87: ; This, integrin has been shown to' be 

15 the ligand for mucps;a| addressin. celh adhesion molecule-^1 found on- • 

Peyer's patch high endothelial venules,' Which occurs in the gastrointestinal 

tract. ..Lymphocytes.which express. c74;iS7 will traffic to and are retaihad 

in mucosal, organs. The gut mucosa.is the site of chronic inflammation in 

IBD. . .. . V .: ■ 

20 d. Treatment of Insulin-Dependent Diabetes Mellitus 

(IDDM) 

IDDM results from the autoimmune destruction of pancreatic islet 
p cells by the host immune system. The destruction of islet cells is. 
known to be mediated by T-cells. The NOD mouse ,is a spontaneous 
25 model of human IDDM. Islet transplantation as an isqgraft in these, mice 
can produce norrnoglycemia and prevent and reyerse. early co/nplications . 
of diabetes. Host iriflammatory responses, however, eventually lead to 
destruction of the islet transplants and disease recurrence. Analysis of 
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these inflammatory responses has shown that graft specific Thi ceils 
mediate rejection,; while Th2 cells are protective.' 

There is: evidence that isograft and allograft rejection' is me^ 
by. Thl cells and can be suppressed by th2 cells^ Thi cells have been " 
5 shown to actively promote diabetes in NOD mice'. Inhibition of Thl 

cytokines: leads .to protection of islet isoglrafts in NOD 'mice-: Recently, it 
has been shown that the systemic administration bif Th2 cytoj<ihes IIL-4 
and, IL-1 0) and adoptive transfer Of an islet^specific'-Th3 bionb inhifi'ir 
syngeneic islet graft rejection in these 'animals'.' iFurtherhi'ore>Th2-like-^^ 

10 responses, have been shown to be protective irt^models of allogehbic 
organ and tissue . tran$piantatiori^ V. : i: • ^. y , 

. ; -Accordingly, the vmethods herein can be' used to- generate clinically 
relevant numbers of ■n"h2 cells^fOr irtfusion in IDDM patients thia^^^ '■ 
pr.p.tect against rejection of .transplanted' :allogeh'eic'islet 'cells:' Preferably) 

15 the Th2rcellS;iWiil be 'specif ic .for^the allogeneic -ahtig^hs'^'6h"fh^ ^ 
transplanted Jslets: Alternatively'^'Th2: cells 'spOcif ic Hdr ihsulin'can be' • ■ 
used.;lQsulin-specific.Th2 cellis coilid'also be used>i:'6't^^^ 
ippiyi.patients;to prevent'islet . destruction, 'as' well as ijsed ' in high -risk 
patients as a vaccine to prevent or at least retard development of the 

20 diabetes;; :■■ ■'.";-:;!-/:..:''• . •■■^ '-A' 

e. Treatment of other autoimmune diseases 
' Thi-rhediated autoimmune diseases, such as, but not limited to, 
autoimmune thyroid diseases, ahti-tubular basement membrane disease 
(kidney) Sjogren's syridrorne, ankylosing spbhdylitis, uredfietinitis and 

25 others, can be treated by admihistiratidn of compositions containing a 

clinically relevant, tyfiib&lly 10^-10", fh2 cells or a fh2-like composition. 
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3. Transplantation 
,.Th2 cell AQT can ,be used as an immunosuppressive strategy 
perrrjitting organ and tissue transplantation. For example, Th2 cytokines 
haye been correlated vyith non-rejecting: heart allografts, while Thi 
5 cytokines. CQrrejate yvjth rejection;^ 

renal allografts and mouse orthotopic liver allografts and skin allografts. 
Adoptively tr-ansfprred Th2 cells .suppress skin allograft rejfectibh and also' 
allow allogeneic engraftment of spleen cells in sublethaliy irradiated -rhice' 
as welj as suppress lethal 6VHD- (graft vs. host disease). T-cell mediated 
1 0 alloreactivity has been shown to be central in the pathogenesis "bf GVHD ■ 
and graft rejectiqp.v -:- ■■ o • 

Accordingly,;the: methods provided herein can be used to generate 
autqlqgpus.-Th2!C^9l|s. for infusion in patients scheduled for'Orgari or tissue 
transplant. Preferablyi the Th2 cells will be specific for this alloantigehs 
15 or an antige.n unique to the organ or tissue being trahsplantecl. ^ > - 
4- Allergic; Disordera . ; i > 

Th2 cells appear to have a crucial role in initiating (ebsinophir^ : 
infiltration which ^causes eczematous reactions iri patients- with atopic 
dermatitis, and. airway hyper-responsiveness and pulnnonary ebsinophilia 
20 in allergic asthma.; Furthermore,- atopic patients (patients with hayfeverV 
dust and food allergies) have a preferential, activation of Th2'cells. 
Recent evidence has shewn that treatments that suppress Th2 
development in vivo have profound inhibitory effects on allefgeri-induced 
airway changes and other atopic responses. Accordingly, since Thi : 
25 cytokines are known to inhibit Th2 responses, the methods herfeiri can be 
used to generate large .numbers of autologous Thi cells for infusion into 
atopic patients. Preferably, these cells will be specific for the allerjgeh. " 
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5. Infectious Diseases and Cancer 

An excess of Th2 cells is correlated with most infectioiis diseases, 
including viral;, fungal, yeast, parasitic aiid mycobacterial ir^fection. Iri 
order to change. the regulatory, balance in favor of cell-mediatted irfi'munlty, 
5 Thi pells could be.lnfused into these patients. PrioV ait ACT protocols- 
have, used TIL and LAK: effector cells and methodsi thatf^use pathogen- or 
tumpr pell-specifjc .gTLs.:. These effector- cells Would ^ not be expected to 
work.properl.yf in-anij.mmunocompromised host.i'"i^'^ .. ... -i-tV- " ■ ■ -i- 

. iTtje CQ:infusion:^:ofvTh1 .regulatbryvcells should'provide-^ "help" 
10 necessary cforthe effector cells to perform thelr function arid thus • 
improve these therapies. Infusion of Thi cells alone could provide 
sufficient help iQ..ylyo to:drive-;endogenous CD8.+ effebtor- cells: 

. .;.^:j^ccpFd|riglyi the:methods;herein, could bei usiefd tb-gdnei-ate large' ' " 
nurnijers of autologous Thi c,ells for infusion into patieHts^ With infectious 
15 diseases or cancers., Preferably, the cells will be specific for antigens ■ 
unique to the pathogen or tumor. The Thi cells cariCalsq- beiUhf used with 
pathogen.or turripr-specific cytolytic- cells. . . : ..;-. ir - • 

.Of particular interestherein, are. methods for^treatment'of HIV- 
infection. Methods; for producing virally purged:CD4'^.''Cells. are provided:^ 
20 In preferred embodiments, the cells are. expanded under cbnditib'ns in ' 
which Thlj cell differentiation is promoted. The resulting cells are 
reinfused into, the donor HIV patient^ whereby immunity "will -be restored. 
In other ernbpdiments, these cells are reinfused; with.'expanded effector 
cells, particularly effector cells that are specifically targeted against HIV-^^ 
25 infected cells. .. i i : 

- Other infectious diseases that can be treated with ThT ceil- 
comppsitions include, but are not. limited to: influenza viruses, polio ' 
virus, leukemia viruses, hepatitis viruses, respiratory synctial virus, herpes 
viruses, retroviruses Epstein-Barr virus, syphillis (Treponema pallidum). 
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cutaneous T-cell lymphqma (mycosis fungoides), Rhodococcus equi, 
(intracellular respiratory pathogen), hypersensiti^ . 
onchocerca! keratitis (river bUridness), b 

trachornatis,^ rriycpb^ ayium, ca.njdida albicans, coxackiisvirus, 

5 Leishmania major infect}c?n, cryptpcoccal infection and Bordetella 

pertussis. respiratory Jnf^Qtio , . , . ... i;^.,;-,. 

Infectious diseases that can be treated with Th2 cell cptiipositions 
include,, but are npt ji^ filarial nenriatpde jparasite), Plasmodium 

chaboudi chaboudi.Crnalaria),^ ^prr.elia. burgdo.fi, (spripphete) infectipns. . 

10 . Al^,p.of Interest Jtierein, .are methods of tteatoient: of . cancer. In 

P''«%^^??,,?.'??'?f0{J5,?n^?^'?J^ihS:'^.?^^^^^ re.rj.?lsce|l.par.cinpma are; 

proyid^?!, Jiansfornfied.renaj. celJs.expre shock protein h.sp70.: r ^ 

Consequently, hspTQ-specific l^hl .cells .cp.ujd sprye as a, cytokine. delivery 
vehi<:l.e tp inqreasp Ipcal concentratipns,.pf: IL-Z.and JfrNyr in the^tumor, 

15 thereby promoting anti-tuiirior effeptpr cel.l, function, activity 
proliferation. ...... 

.Thi cells can also be used:tp.-rried|ate.tu.rn.or rpgression; in cancers^ 
inQ|ii.ding:.me!anonria,..br^ and neck cancer, prostate. ; 

cancer. and. Ijupg papcer,.^ These, is eyidence.that for certain tumors, a . 

20 Th2 rsponse may mediate regression. 

6. Vaccination . . . 

The deyeippment of effective vaccine strategieslfor intracellular 
pathogens, includmg, but not limited tp, bacteria, viruses and parasites, is 
one of the rpajor frontiers of rnedical research. Research centers. on ^ 

25 antigens from pathogenic organisms and adjuvants that. cap elicit a Thi-. . 
like response in patjents. It. is.knovyn that a Thi response is. protective 
for infectious pathogens. Thi responses are weak or: non-existent in ■ 
some patients with rnost vaccine protocpls. . Other research, focuses on 
eliciting an Ig A antibody response, yvhiph is. thought..to. be protective ■ - 
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against organisms that enter the body through muscous membranes. An 
IgA response is mediated by Th2 cells. To better control the type of 
immune response a patient will elicit to a vaccine, the methods herein 
provide r meanis for ex vivo vaccination ( i.e. . this addition of the vaccine 
antigen(s) to patient mononuclear cells ex vivo , whereby thecells are 
activated under conditions that promote the desired regulatory cell 
differentiatiori. 

> The methods provided herein can be used to withdraw blood from 
a patient, expose the isolated mononuclear cells to the vaccine antigen in 
the presence of IL-1 2 and/or IFKI-k and/or IL-4, and expand the Thi or 
Th2 cells for reinfusionl Preferably, the cells used will have a memory 
phenotype so they will provide lorig-term protection.^ 'CD4+ and CD8 + 
Thi OF Th2 cells could be generated alone or in cbrnblhatibn. 

The following examples are included for illustrative purposes only 
and are not intended to limit the scope of the invehtibri. 

EXAMPLE 1 

Screening mitogenic mohoclbnal antibodies' 

This example- demonstrates a method for identifying antibodies that 
are suitable for expanding T-cell subsets, either singly or in coimbinations 
thereof. 

In order to determine co-stimulatory signals required for T-cell 
subset proliferation,' cells are incubated with various monoclonal 
antibodies (nriAb) and their prbliferatibn determined In ^H-thymidine 
incorporation assays: To exemplify this procedure, the following 
experiments were conducted. 

Monoclonal Ab to CD3 (64.1, lgG2a) and anti-CD5 (10.2, lgG2a) 
were gifts from J. Ledbisitter (Bristol Meyers, Seattle) and the mAb to 
CD28 (K6lt-2, IgGI) was a gift from K. Sagawa (Kururne University, 
Kyushu, Japan). These mAb were purified from ascites fluids on protein . 
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A,sepharose columns. All other mAbs were purchased from PharMingen 
(San.DiegQ, .CA), . /ktl rnAbs.were. diajyzed against pjipsphat.e buffered , . 
saline and filtered through sterile 0.^5 //rp filters. , 

Goat anti-mouse. affinity, purified, antibody, .(Tagp^;.Bg.rljngame,.C A) 
5 was immobilized on 'plastic 96" Well tissue culture plates. The' antibody 
was dissolved in sodium borate buffer (pH 8.6) at a concentration' of 
10 fjg/m\ and lOOT/l'was placed in each well. Plates were wa.sh^ 
times with RPi\/ii-i646 with 10% horma|^^^ 

labelled with anti-dbS m (i Jjg/rn\) on ice. fox 1.5..minutes prior to.l - 
10 . plating. 50,iD0Ct;c(ll|s Swerg pj^te^^^^ eacfi'well.. Cb-stimuiatbry m^ 

were added jn tHe soluble. phase at -1 /ig/ml. .The cells were cultured-at 
37° C in an atmosphere, of 5% COa..:. After .88 hours of -culture; cells were 
-pulsed vyith. 1 fJCi ;of ;[?Hi- .thymidine, (specifip.acti.vity,of 2 .Ci/mole,'New 
Engjand. Nuclear). . .Eight hours; jate.r, cells .were harvested. with, a PHD, cell 
1 5 harvester (Gambr'^dge .Technology,: Cambridge, MA):and the radioactivity 
on the filter papers counted on a liquid scintillation counter (LSI 701, . 
-Beckman);> .. . - .. . . -/'• • ■■ ■ 

. ;■), ;.Tb® results .of mAb. addition to parified CD4.+ and .CD8-h cells 
from a normal individual are shown below. Results are shown as mean 
20 counts per minute (cpm) of fpur. replicates. Standard ei-rors were .alw^V^. 
less than 10%. ."i 
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These data demonstrate that anti-CD5 and Cb2'8 are capable of 
providing a co-stimulatory signal for T-cell proliferation in CD4 V arid 
CD8+ subsets when the c6lls are activated Witli'ant^^ The results 
of combining anti-CD5 and CD28 are' showy belo'iwr " ^ ' 



Stimulation 


.. ■CD4+-=- 


■-•,CD8-+ ■■■■■<• 
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V . /These results show that th^ coiihBini^trbn of anti-^ ahd-anti- 
CD28 as c6-stlmulat6rytsigrials ihVCD3 actiV3ted,''pu>^ t-celiis' induces 
15 a greatisr proliferative response than either m'Ab ialdne. In addition/ the 
combined mAbis generated a p'rdliferative'fie'spibhse without' additibW'of ' 

The effeet of various mAbs (second signal) on purified CDS 4- cells 
from>a.norm£ii:dbnor used in conjunction With antl-CD3 or ahti-CD2 (first 
20 signal) was also tested. These results are shoWri^below: 
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These results demonstrate that anti-CD3 as the first signal delivers 
a mor^ ppwerfMl proliferative stirriulus than anti-Cb2. Anti^eD45R0 and 
a"*'".9.f?28 mAbs.appe^r to deliver the strongest second; or co-stimulatory 
signals \ft/l:>^n used, yyith. anti-:Cp3 : .■ 
5 Combinatipns^o.f .the^ were tested on anti-GDS; 

activated,^^ yiy2. generated cytolytic cells specific for; the ^ 

I^AGE-.S antigen on.nnelanonria^cells. These; results-are shown: below; 
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.PSrPl'in^t'P:"?; including .a,nti-CD11,a. provided the; strongest prolifer- 
15 ative signals ;for tb.e^s,e,p .N.on.e;of thQs.e:,combinations!provided veiV'^ 
exceptional growth. This sometimes occurs in CD8+ CTLv^which are; • 
unable to produce sufficient endogenou.s .cytokines; Go-.culturing of these 
cells with auto/ogo^s .Cp4.^,, -however, -enhanced the proliferation: of ' 
these c,^|)s yyith prii^h stimul.a^^^^^ .Ihis,,pfp.bably.resulted frorh.the 
20 iricreased endpgenous^produptip^^^^ as IFN-y.and.lL-7. ; . 

• , : r.:.„ v.; -.M.- ■ 
CD4^and cost Trcells from Normal: Don 

Thi?.^exarnpie,demo^ that polyclonally activated CD4* and; 

CD8/^ rpgulatpry T-cell subsets can be expanded withoutvlL-2 to clinically 
25 reieyant numbers from a, starting number pf about 1 x 10' cells using the 
disclosed. rnethods. . . .^r-^ .. 
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A. Collecting: mononuclear cells- ' 

Mononuclear cells from normal donors were obtained from sourbe 
leukocyte packs (Interstate Blood Bank/ Inc.). The leukopack dells^^W^^^ 
diluted 1:1 with Hank's Buffered Salt Solution' lHBSS) withdUt calciCjm"' 
5 (Ca^^) or magnesium (M'g^*) and 30 to 35 ml of the diluted cells w^re 
placed over>.T2;ml of Ficoll-Hypaque and this tube ceritrifuged at 1 500 ' 
RPM atroom.ternperature; The buffy coat layer c^^^^ lyrnfjhocytfes.: ' 

and monocytes was trahsterred by Pastetir isipette to a clean 50 ml 
centrifuge tube, and vyashed three times with, HBSS. The cells were, then! 

10 resuspended in. RPMI-i 640 medium supplemented with 10% hUmafi; 

serum. 25 ImM HEPES buffer, 2.6 mM glutamine. 1 ;07nM sodiUfTi^^ - : :; 
pyruvate, 6.1 .mM ^dn-essentia^ amino Acids,: 2 x 10-''.M,2- .. . 
mercaptoethanol,-10- lU of- penicillin G and 100 mg/ml streptomycin 
sulf ate ilcRPMI)... The monocytes were depleted. bV a'dhferehce to plastic 

15 T-cell .flasks incubated overnight ar37^G in an-atitibsphe're of 5% Cba ' 

and 100% humidity: ■ • • ^""i' .----^ ■f--?'y;; ;;->: 

:;;-Bi >- : Pre cufsor Cell purificdtlofr ' ; ' ' ■ ' ' - ' < 
T-cell subsets.'Were purified' with iirlmuhbmagn^^ 
technology. GAM-bbated: beadi^ (Dyhal; Inc.) weVe washed t^ vJlth 

20 HBSS and incubated bverriight ori'a i^oteitirig'Wheer a^^^^^ 

1% normal human serum in order to block riohspecific binding. The non- 
adherent cells were incubated with elthe^ ahti-CD4 or artti-CDS 'm^ 
pre-titered concentrations oh' ice fbr'SO rfiinutes'.* Labelled cells w^re 
washed itwice and resusjDended in cRPMI at 1 0 'ce1ls/ml; The beads^w^re- ' 

25 added to the cells at a bead/cell ratio of 2:1 ahd'niixed well.' This' mixture" ' 
was gently centrifuged at 500 RPM for 1 minute at 4° C. The 'bead)cell ' 
mixture was then resuspended by gently inverting the centrifuge tube. 
The tube was then placed on a rotating wheel for 30 minutes at 4° C 
The bead/cell nriixture was then diluted 5 fold with cRPMI and placed on a 
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cobalt salarium magnet. The supernatant was aspirated-and rdsetted and 
the procedure repegt^jd. Th^^^^^ hours in 

cRPiyil gt 37°C in an, atm^^ .CO2, After 24 .hoursi ithe - 

majority of cells.getM,hed,fTpm beads and the,be^ds were removed 
5 by placing the solution back on the magnet,;-, The resjjltiag. cell^ were . 
greater that 98% pure CD4.*.,or.Cp8t T-pells^as assessed by flow 

cytometry. ..... ., ..-^y - 

...j C.. Ex Vivo pifferBntiation , .■ . . :.. . , 
- ' Til® PHTif'v 'il PPfLi'^i. P^j'? VyiBfe diyided,;into twp.eperata groups of 1 ' 
10 million c.ells eaph. j. The first group ,vyas activated with Jmmobilized.-: . 
^"*'"fS.9v\ril^io!?^.'jSi^r§?!^^^^ U(m! of,!L-4 an* iQ ^/g/ml of ami- ' 

IFN-K mAb ^r).d,ariti,-Cp28 mAb. . .This .first .group (Th2).-was;€ixpanded 
under .these cpriditlons, for another 1 Q days. .The secohd group -was . 
activated with jfTjpripbpnzed. a.nti-Cp3^ |n Jth?, presencie pf 25. U/ml: of IL-.1 2 : . 
15 and 1 50 U/mi pjE I.Fftl-K,.and anti-qD28 .rnAb. These . ceils were harvested - > 
and washed after 6, days of. culture;,,. . :■..■<■ , ■,. i ;,: . . . r 

p. Regulatory,cell expan8iqn(v.v. 

One million of each of the purified T-cell subsets were labelled for 
30 minutes on ice with anti-CDS mAbJ64,.l, lgG2a). 2.5, X 10^ ceils of 

20 the purified 004* and, CDS* cells were suspended in 1. ml of cRPMI and 
plated into 4 separate wells pf a 24-well plate coated with goat anti-. 
mouse (GAM) polyclonal antibody. Purified anti-CD5 | 10.2, lgG2a) and 
anti-CD28 (KqLT-2. IgGp.mAb vyere added to the yyells. at a final:., 
concentratipnis of 200, ng/rnl. The, cell?, were then incubated at 37 °C in 

25 an atrnosphere of 5% COj. 

After 3 .days, 1 ml of cRP|yi! with 200 ng/ml,of;anti-CD5 and anti- 
0D28 was added to the wells. After 6 days,, the wells were; harvested,; 
pooled and washed twice in cRPMI. The viable cells were counted and 
resuspended in cRPMI at 1 x 10* cells/ml and incubated in T-fiasks for 48 
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hours at 37°C.. The cells were then hiarves^ed, washed twice, iabelled 
with anti-CD3 mAb on ice for 30 rriinutes and iribculated into the extra 
capillary space of a GAM-cbated mini-hollbw'fiber bioi'eactor with 20d 
ng/ml of anti-CD28 an danti-CD5 nniAb. Tlie cells were harvested, 
5 washed and counted after 14 days. ■• . .! - ■ 

- 'I., Mirii-Hollow Fiber BIdreactor ' 
A mini-hollow fiber device was constructed to expand immune 
effector cells. The device had four mini-hbllow "fiber units in parallel! The 
hollow fibers (CD Medical, Hialeah; FL) had a 9 ml extracapillary vblume 

10 and the fibers had molecular weight cut offs of l6,b6o daltons. The 
holibw'fibers were coated with GAM polydlonarahtibody. 'Coating was 
accomplished by dissolving GAM polyclbnal antibody, at a cbhcentr^tiori 
of 10 mg/ml/ in sodium borate buffer (pH 8;6) land- inbcuia^^ 
solutiori into the' extracapillary space (EfcS) of the hbilbWf^^ 

15 bioreactors: The iumenal and ECSipoVtis weVe theri sealb^^ • 
bioreactors placed on a rotating plate and inbubafed^af 4°C foi' 24 hour^. 
Prior to use, the bioreactors were wajshbd WitK phSsphafe 'bofifered saline 
with 1 % normal human siBrurri. ' ■ • 

The flow path' included an integration veiss^el; pump ^hd 

20 oxygenation :cartridge. "Lumirial 'fib w rates" ranged between 1 d6 art'd 400 
ml/minute and vyere increased niahually propbftibnsite with this cell ' ' 
growth in the bioreactbr^. The pH and teitiper^turb were cbntihualiy 
monitored and controlled by microprbcessbr. ' The' pH was adjusted iand 
maintained at 7.2 by altering the speed of fresh mediurn fed into the 

25 integration vessel and the percent CO2 in the oxygenation cartridge. The 
temperature was controlled to 37 °C by adjuistihg the watt&ge to a 
heating coil wrapped around the ihtegratitin vessel: ' 
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2.. .... Single Large Hollow Fiber Bioreactor 

The cells recovered from the mini hollow fiber device were 
incubated in T-flasks at 1 x 10' cejis/rpi in cRPMl without mAb 
stimulation for 48 hours. .Jhe cells, were :then labelled With anti-GD3 mAb 
5 arid inoculated,into a GAM large hollo,W;:Fiber.bioreactor [see, 

_ copending ialloyved U.S., app|icatipn,S.er.ial.No; : Q8/^^ 

ab.ovfsKw.ith 20,0 ng/nril flf ant|-CD5..and :anti:iCD28 mAb; "The cells were 
harye|sted, washed; a .M: j . . 

3. 8-Cart.ridge Hollow. Fiber; Bioreactor 
10 The cells recovered from..thejsingle large follow :fiber bioreactor 

. [see, cpgending_,allpy^^^^ 

discusse|d..abov.e]. were incub for ,48 hours ..in .av1 a liter spinner fliask 
at 10^cells./ml.|n cRPMIjA/ithp were then 

labelled with anti-CD3 rnAb and inoculated Jnto each of the .8 G AM- 
IS coated hollow fiber bioreactors. \yith. 2P0.pg/ml.of antirGDS and ahti- 
Cp^8 n;iAb.,, After ,14 days, the cells were, harvested ^ Washed: and 
counted. . . - ,■ ; • -L: ■ ■■■■ ■ 

. ,.E. . ...Results,:,-., • 



.Clinically, relevant numbers of cells were produced as follows: • 



bay 


CD4* (Thi) 


CD4* (Th2) 


ciba* ' ■ 


1 .. .:■ . .;^v;, .|| 

Culture Vessel 




1x10^ cells ^ 


1x10^ ceils 


Ix Vb* cells 


24^weil plate 


6 


1.3x10' cells 


7.2x1 d« ceiis 


9.'8x10« cells 


24-weil plate 


8^ ■• ■: 


1.0x10' cells ' 


6.5x10* cells 


^x 10' cells 


' wiinl-HF* " 


22 - 


1.3x10- cells 


1.0x10' cells 


1.2x1b' cells 


' Mini-IHF ■- 


. :24 


. 1.1x10^ <Ms 


1 .0x10' cells 


1.1x10' cells 


■ i -large Hf' 


,38 . 


1.4x10'° cells . ; 


1 .0x1 0^° celli 


1 ;2xl b"' ceils 




, ..• 40 . 


1.3x10\° cells 


1. 0x10'° cells " 


1 .0x10'° ceils 


■ -S-large H F' ' ' ' 


54 


1.1x10" cells 


1.0x10" cells 


9.9x10'° cells 


■'■S-Larg^HF^ ' 
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Therefore, compbsitions containing clinicaliy relevant numbers of T- 
cell subsets can be produced. 

■ ■ ^ EXAMPLE 3 - ■ ■ - ^■ 

; .Virus-purged CD4.'*' :Th1 -cells from HIV* patient ^ ' " - • • 
5 .. This example demohstraties that clinicaily^reievaht ncirrib^rs '6'f~' 

virus-purged .CD4^ Th 1 -cells can- be generated By the m^^^ 
. use as;ar» ACT. for A.I.D.S.; The cellis were' piirg 
selection of CD4 antigen and were'pblyclohially a'ctivStied and ag^^ 
selected for CD4 lantigeh' to- purge d^ lateht^virus: 
10 , : A. : Obtaining Mononuclear Cells-! . : - 

. An HIIV* ipatienf, i identified' by 'a toutihe blobd screening procedure 
confirmed by Western Blot analysis; in WHO sta^e IV was" the donor for 
this study, : The patient underWeht& leUkbpherfes^^^^ for ' ' 

collection -of peripheral blood mononuclear cells'/^ ' ' ' ' 
15 B;^ ^ Regulatory cell purification'^ - ' v 

CD.4-^ cells were isolated by' positive ^electibrfbh immtinbrria^hbtic 
beads as described above. The CD4* cells were then activated in " '''' 
24-well plates with immobilized anti-CD3 mAb and in 'the presence of 
40 U/ml of interferon-p (IFN-k). After 24 hours in biilture, the cells were 
20 haWestedrwashgd^^^^ 

The positively-selected cells were labelled with: anti,^cb3 mAb and plated 
at 25,000 cells/weir in a GAM-coated 96-well plate,in cRPMI. Anti- I 
CD28. mAb and IFN-)/ was added to the wells at a cqncentration of 
1 /yg/ml and 40 U/ml, respectively. After 7 days, supernatant from eaiph 
25 well was p24 antigen with a commercial ELISA assay (Dupont)/. «. 

All negative wells were pooled, relabelled; with janti-CDS mAb and re- 
plated at 25.000 cells/well in a GAM-coated 96-well plate in cRPM! with 
^nti-CD28. mAb.! 
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C. . . Regulatory cell expansion 

The cells were expanded as described in Example 2 above, except ; 
that only antl-CD28 mAb was used as a co-stimulatory agent. 

D. .. , Results,, 

5 6.3 X. 10^° cejls were, grown over a 72;day perjpd. The cells were 

negative for p24 antigen and were capable of producing IL-2 and IFN-k, 
but little or,no..lL-4. :The cei|s..wera also shown. to be capable of providing 
help foi;- NK-iunctjop in: a.dpse-rdependent manner. :. The. cells were ^; • 
relnfused into the patient. Reinfusion of these cells into the HIV* patient 
10 should be a treatment for A.I.D.S. . . 

£XAMPL^4 . ■ . .^..^v. ■ 

HIV-sppcific CpS^ cells from a Hiy,'^ dorior 

.This.exampl&demonstrates that antigen-specific CTL can be 
purified and expanded from an individual with a viral infection. 
15 A. Obtaining Effector Cells . 

3 X ip" rnonp.r^uclear cells; were obtained bVileukaphoriesis from a 
staga ly A.I.D.S. patient... CD8^; CP25^ cells ,were purified.by two 
rounds of sejection on. imrnunomagnetic beads.: . *! 

B. .Expansion of fffectpr Cells: . . . 
20 Appro?<imately 2 x 1:0^ cells were recovered and expanded in a 24- 

well plate coated vyith anti-CD3 mAb and with soluble anti-CD28 rnAb^ 
After 6 days, the cells were washed (x 2) and inoculated into mini- 
hollovy. fiber bioreactors. . After 1 8 days in the mini-hollow, fiber units, the 
cells were vyashed, counted and allowed to rest 2 days before inoculation 
25 into a cartridge.of the large holipw fiber bioreactor under the same • 
conditions as, described in Example 2 above. 

After 1 6. days, the cells were harvested, washed and allowed to 
rest for 2 days. The viable cells were then inoculated into the 8-cartridge 
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hollow fiber bioreactor system and cultured under the same conditions as 
described in example 2 above. :■ .. ^ 

C. Results 

6 X 10^° viable cells were harvested after 20 days, the ceils 
5 showed significant Ag-specific CTL activity against infected autolbgous 

cells.- ..K : :> ■ >. ' • - ' ' 

These cells' can be reinfuseid into th& patient as a treatmterit fbr 
A.I.D.S. In addition,, these cian bis co-infusied With virally-purg^d eb4*, ' '' 
produced ais described In EXAMPLE 3. - i ' . : ; 

10 EXAMPLE 5 - 

Antigen-specific Th2-like cells fromva normal donor 

This example demonstrates that antigen-ispecific Th2-like dD'4* 
cells can berderived from a normal individual and exjianded to clinically 
relevant numbers::^v' • .. ; ; 

15 A. Obtaining regulatory Cells ' - - 

,. '50^ral ;of blood , was collected Into a heparinized syringe, -Using 
sterile technique", from an HIV vdlun'teer.^ PefipHerai biobd mbhoriubiear 
cells (PBMC) were separated by Ficbll-Hypaque deribity gradient 
centrifugation. The PBMC were cultured in' 1 6 ml T-f lasks at 2 x 10^ 

20 cellis/ml and pulsed with gpl 20 antigen in'"6HPM^ 

1.0 iug/ml bf anti-IFN-K mAb and 20 U/ml of IL-4. After 2 days, the 
blasts were collected by selectioni of CD25 on inrimunorhagrietic bbads. 
The blasts were 'allowed to rest fbr 72 hours and were than rfe'stimijlated 
with gp-120 pulsed, autologous monocytes' arid immediately cloned 1n 

25 soft agar. The small number of cells that survived and grew out as 

colonies (1/150,000) were enriched in Ag-specific'ceils that produced IL- 
4 and lL-IO and little IFN-k upon stimulatibh, and; thus, were Th2-like in 
cytokine profile. 
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B. Expansion of Effector Cells 

The cells were expanded described in Example 2 and grew to 

9 X 10'" ceils in 62 days,' ; ■ ' ' • 

. i.j,: ■ ■■EXAMPLE-6 ■ ' '"'^ ■ ' " 

5 Differentiatibn"of th2 cells frbni Precursors in Rheurnatoid Arthritis ' 
Peripheral Bjppd..; • ■:r: . Mi.,:- 

°p'^9y**^K'ne expressipfi is veryjpw in rheumatoid arthritis 

(RA),-th.e,ab,?en9e of Th2.factors.:(e.Q.. IL-4,and iH 3)vis especially • 

strilcing. Since Th2 cytolcines suppress, production of pro-inflammatory 

10 cytokines, metalloproteinases and rheumatoid factor, their relative 

absence in RA could contribute to disease perpetuation.s: The lack of Th2 
celts in synpvlum suggests thaj this- differentiation: pathway, might be 
defective .in^RA. .;.Xa deternriine i precursors are present in RA* the : 
ability of peripheral bipod RA CD4+ T cells to differentiatferintoThO (IL-4 

1 5 + \FNrA), Th1,.(|FN-A, .no ILt4). and Th2 , cells (IL-4,;no: lEN-yt) jn 'yjlro was. : 

studied. ;•■ r -;r'.-.- •. 

Purified CD4 4: X cells-vvere cultured in the presence of immobilized 
oCD3 antibody, olL-12'and lL-4' for 3 d. Cells were th'eh' washed and 
stimulated with- PMA and ionomycin in the presence of moriensin for 6 hr. 
20 :The cytokine ph^ vyas .determined using 2-color:flow cytometry on 

ipermeabilized cells with c7lL-4' and ySlFiN-zl monoclpnal antibodies. The 
results are shown as pisrcent cells ±: standard error (se); "n" values are in 
parentheses. 





Treatment , . 


Th2(%) 


ThO(%) . 


.Th1(%) 


RA (9) 
Normalie) 


oCD3 


0.68 + 0.19 . 
0.56 ±0.08 ■ 


0.44±0.11 • - 
d.55±6.17, ." 


10.38 ±2.61 . 
11. 07 ±2.89 


RA (4) 
Normal (5) 


OCD2 + IL-4 


.1.43±0.32" 
1.50±0.26' 


0.29 ±0.09; 
1.69 ±0.56 


4.68±0.91 
13.27 ±2.46 


RA(6) 
Normal (3) 


0CD3 + O1L-12 + IL-4 


3.03±0.92" 
1.45 ±0.35* 


1 .68 ±0.44 
0.72 ±0.36 


12.51 ±3.15 
7.30±0.84 
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These data jnidicate that similar numbers of. Jh2 cell- precursors are 
present in the peripheral blood of normals and patients vyith RA. . 
Furthermore, the mature Th2 ceil population can be significantly increased 
5 (p < 0.05) with IL-v4 and a-IL-l 2 antibody. .Hence, a specific :Th2 ;: : ,~ - . ■ 
precursor defect does not account for the cytokine profile iri tHiB'joint. 
Thisiraises the. possibility that novel therajseutics could be' developed 
involving the administration of ex yjvo diffei'eWtiated anh' expaniied Th2 
cells. - - • ■ , :■ - 

W ^ •• EXAMPLE-?- " 

HIV+, :Lymphdcyte Proliferation- - 

The ability of PBL frorii HIV +■ -donbrs tb jarolifer'ate in riBspbhse to 
the polyclonal activator PHA-P and imm6bilized^ar1ti-eD3 mAb Was '^^^^ 
compared: with • PBL from a normal donor (Table T). PBL from HI V + • 

1 5 donors ■exhibited 'a marked suppression in the ability to res jabhd to eiiher' 

mitogenic signals when compared to PBL from normal donors. 

>..;! Table 1. Comparison of Prolif^rativie' Response of Normai ' ' 
,and,.HIV+ PBL to Mitogenic Factors*; 



PBL Source 


Medium Alone 


PHA-P 
(1 ng/ml) 


Imrnobiiized . 
antl-CD3 niAb 


I normal donors 


1,446 + 241 


25;b13±1200" 


27,206 ± 189 1 ' 


1 HIV+ dbhofs 


2,041 ±421 


5,680 ±460 


4,204 ±562 



Peripheral blood lymphocytes (PBL) isolated over Ficoii-Hypaqcie 
25 were plated at 50,000 cells/well in 96-weH flat bottom culture plates. 

Cells were pulsed after 88 hours of stimulation with medium albhe^ PHA- T 
P or immobilized anti-CDS'mAb with [^H]-tHymidine for eight hburs arid . 
the average" mean. and .stiahdard error of cjuadruplicate samples for six il 
normal, and six HIV -f individuals is shown in cpm. 

.... ; " ^ 
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To determine, if purified T-cell subsets, frorn HIN/ + dpriors. were 

capable of responding to mitogenic stirnuli in the .absence of .activator, 

the folipvying study was conducted. PBL.from sjx, nornnal apd six H!V + 

individuals, (same i.ndividuals,aS;Used^in. tlie.exper^^^ in ..^; ;,. - . 

5 Table 1) .were, incubated in plastic tissue, culture di.§.h.es^for,24..h6..u.rs at . . , 

37° C in, an .atmosphere., of f iye percent COj !n. a.ir.; :;The CP4<+ and CD.8.+. 

T-cell .subsets .w.exe,;.purifie!d us|ng positiye.^se|ectiqn : . 

beads , as. d^scribect ..previously.. results :ar.e. shqyy.n.in^Xable 2.>,; -. ■ 

Table 2. Proliferative Response of Normal and HIV+ T-Cell Subsets tp.M.i:- : 
10 Mitogens 



(purity %)CD4* 


IMedium 


Irrimobilized antl- 
CD3*I^2 


PMA 


(99.5) Normal doViors. 


'i;841 ±320 


42,1 86 ±3444 


i5,920±3420 : 


(98.8) HIV + donors 


' f,346±230 . . 


29,21 2± 1841 


.31,446i 62.1Q . ; 


(purity %) CDS*!' 








(98.8) Normal donors 


: 1-925 ±421 


12.420±821 - 


io,92o± i ib4^ !; 


1 (98.4) HIV + doriors u;.,;. 


:1.,212±1j58 


10,861 ±948. . 


^6.155 ±.718^ . 



'T-cell subsets isoiated-'by posjtive selection on immunornagrietic bead Itdrri six_ 
20 normal and six Hiy'+" donors. Average purities are.shown in parenthesis. The cells were 
plated at 50,000 cejls per well in 96 well fl.at bottom tissue, culture pl^ in CRPMI and 
10 percent NHS pulsed for eight hours with 1 fjCi [^H] - thymidine after 88 hours of 
stimulation vyith either medium alone; .imniobilizedi antl-CD3 + ILrZ ,(10 u/mi> or PMA 
(0.5 ng/mlj. (Results are shpvyn as the averag.e cpm .and staridard errors. Each group was 
25 perforrried in triplicate., ' . ., '.. . . .. 

The results iiidicate that a. signif IcanrT-cell: prolif eratiyei. respbnse; is 

possible from H.IV.+ :donors. The CD4+i ceM response to ahti-GD3;+r, IL-2 

of HIV P-dbndir ceils v*as apprbximateiy; 30^^^^^ thbri fbr th'e'' ' 

30 normal donors; but.st!l.l.sig.ni.ficantly. hi mediurn- alone. „•. . . 

control. The CD8+ cells of HIV + dbridrs responded' ne'arly th'e sam^ to 

antiiGD3-P'1L>2''aS dld' ridtWai'clSllis: 'TiTfe'fc bf norrViar^and 



HIV + doini'or -cells was' significantly leski than that observed in CD4^ 



wo 97/05239 



PCT/US96/12i70 



-64- 



cells. These results indicate that purifieid T-cell subsets from HIV -H 
doriors are capable of riespondirig fo mitogehic signals. 

To demonstrate that rriitdgehic mAbs could prdvid^ the ^second 
signal for T-ceir proliferation inWti-CD3 aictivatied t-bVlls fi^^ 
donors the following expeririients were' performed, t-ceiis purified fro 
PBU'^f HIV+ dbriors were isolated using AEt-treated SRBC.'' TC 
CDS activated T-cells were exposed' to isblUble ^hti-CDS albne, ahti-CDS 
alone and a cdmbinatibn of anti-Cb28"'ahd anti-^CDS.' ThVresuIti^ ar"^ ' 
shown ih'^Table 3i-' • • i -''^ -.v-:."'-. :. -.wjij' s^x -k"--: - ; .:. 

Table 3 Proliferation Response of T-Cells from HIV+ Donors 

':..to 'Mitogenic'mAbs^'"''' -^-^^ - ■ -•- ■ 



I"-; . 'i^timujation'"^^^^ T".'" 


: cpmi S^^ . . . 


II medium. .'. .. 


■ .;i,8i:6±130 .. 1 


anti-Cb3 


2,338 ±144 1 


antj-CP3.±;-ll_-2 r. :.- k k^- ■ '■ 


J 51 1-682 ±35 ivJ 


anti-CD3 ±! anti-CD28 ' V 


' ::i3,334±3pQ I 


an.tlrCp3±..antiTCD5 :., , ,,. 


... ,.,3,629;±;n02... :.-,J 


^nii:PM ± anti-C 


!;;'y;::ii?;882V89' ?^ •! 







'T-cells purified by the AET-treated SRBC E-rosettihg prodedure 
(99.6 perceht CDS + ) were isolated frdm PBL of an HIV + donor. The . 
cells were plated at 50,000 per well in a 96 well flat bottom tissue 
culture plate in cRPMI arid 1 0 percent NHS. The cellS; were activated 
with immobilized anti-CbS mAb and stimulated with either IL-2 (10 u/ml), 
soluble ahti-CD28 mAb (200 ng/ml) soluble anti-CD5 (200 ng/ml) or a ■ " 
combination of splublejanti^CpS, and antiTCpB. Ce were. pulsed- for eight 
hours with 1 u C'i [^H]- thymidine after 88 hours of stimulation. Results 
are shown as cpm and standard error from' a single donor. Eaich ■• v- ; .^ 
treatment group was run in guadruplicate. .v 

Anti-CP28 was a.s,effectiye as IL-2 in pro.yid|ng the.-^secpnd signal; ^ 
to purified T-cells frpni an.HIV + .dopor. A,nti-Cp5.had ,np effect alone or. . 
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in combination with anti-CD28.wh|le augmenting the proliferative- 
response in T-cel Is from norrnal dopprs-. .. 

Minimum Cell Density Required for Proliferative Response. 
Iri order to deterrnine the nrjinimum cell densijy requiredif or,.the.::v 
5 immobilized anti-CpS/sojubl.e antj-Cp28,;S.ysiem,.tp cause,7-.ce|ls from .. • . .. 
HIV+ donors to ^rpl|fe.rat(e,. the, fqllpyying study, yyas cpnducted..,: : ,, ; • 

T-cells from an mv+ donor and a normal donor were purified using 
the AET-treated SRBC E-rosette procedure described earli^^n^i .B.urjti.es .of T--- 
cells were 99.4 percent , for thp HJV,^, donor and 93^2. percent for vthe 
10 normaj donor. The T-celjs w^r.e serially, diluted; from a starting 

coripemration of I x ,10^ cells/rnl and pjated. .onto,. 96.^w;ell p|a^^^^ cell 
count/well rpnged from 100,000. tp, 1,000., A,II^ were 
studied in qu.adrupficate.. ,,The..r;eiBults , aref^shoyvn ..ip,,Tal^le(:^^. i ^ . 

. Tablf;..4., . lyiinim^^ . , 

15 , . ■ - . T.celi ' Proliferative Respd 

: ATiti'iCD3/Anti-CD28^SVsie>ifri- i - - 



















^ ...Hiy+Donofi' 




:•'! i Normal, Donbii- ; 




# Cells/Well:., 


Medium 


Anti-Cp3 :5 ■ • . : 
Anti-cb28 


Medium ■ : ! 


Ariti-Cba- 
Anti-CD28 


20 


100,000 


1,628 ±42 


22,842 ±462 


1.042±214 


52,820 ±.428 




50,000" 


.1.822±12b ■ 


14.920 ±108 


1,944 ±108 


29,642 ±262 




25,000 ■ 


'i,ioe±^4 ~ ' 


'&,444±48' 


1,496±51 


14,322±125 




10,000 ■ 


1,828 ±'18' 


2,420 ±186 


1,684+49 ' ' 


6,246±68 




5;ood 


1,484 ±56 


1,848 ±342 


1,544 ±32 


4,820±320 


25 


1,000 


1,741 ±135 - 


ii296±266 


1,82'l±74 • 


"li;948dt146 ' 



'T-ceils purified by an E-rosetting procedure using AET-treated SRBC from a , 
normal .ahd.?an HIV + dbnbr were tested for their ability to respoTfd tb' immobiliied '^^^^ 
CD3 mAb and 200 ng/ml of soluble anti-Cp28 mM, T-cells. were cultured fpr.88 hours. 
30 with anti-CD3/anti-Cb28 or medium alonfe and then pulie'd with pH]- thVfViidine for an 

additional eight hours. Results are shown as.cpm± standard error. .AM treatrnent groups ■ 
were run in duplicate. A single donor was used in each treatment group. 
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T-cells from the HjV+ donor exhibited significant proliferative 
response in the anti-CD3/anti-CD28 system at cell densities above 2.5 x 
10* cells/mr(25,000 cells per w^il). T-cells from the riormal dbhor were 
capable of responding down to a density of 5 x 1 0* cells/ml (5,d6o 
5 cells/Well). The prbliferatiye response of T-cells' frbrhi the HIV + donor 
was approximately 50 i^ercent l«iss thari' the T-cei^ 
donor: ■": ■ - '• •' ■ • " '■ '■' - ■ ^ • ■ 

HIV Purg^ Method ' 

H9 Cbn'tiriuous Cell Linco ln order to reconstitute the 1^ 
10 system of an AIDS patient/ large numbers oiF Cb4+ cells are required. 

Since these cieirshiafborlati^Ht and niethod is required that 

wiir isolate a viraKfi-ee istartin'^ populkioini dfCD4-t^ c^lls. If the purging 
method is not lOO'Veifceiit effective; th^^ 

culture as it is sfinriulated% replicate by act^^^ cell. 

15 To demonstrate the:.feasibiljty.pfvP.urging'COAd- cells from AIDS 

patients of HIV-1 , an Hiy-inf^^^^ celljlne was used. The cell, 

line, H9 (gift from Dr. Gallo, NIH, deposited urider ATCC^^^^^ , 
is a cloned: CD4'-h human lymphocyte line. It grows continuoiJsly iri ■ 
culture and can also continuously propagate HIV-1 . ' . 

20 p24 6USAi A commercial kit (Dijpoht)\w^ 

amount of virus iri'the cejl cultLires and monitor the efficiency of the 
purging experiments. The kit can detect one viral particle in, 5,000 ceils. 
The'tiBst uses highly specific rabbit pblycjQnal antibodies. tp HIV p24 core 
antigen. These antibodies' are immobilized 

25 antibodies capture p24 antigen that is released into the supernatant of a 
cell culture after treatment vvith five, percent triton-X to lyse the cells. 
The captured p24 core antigen is then cbmplexed with a_nti-p24 j : >, . . , 
biotinylated polyclonal antibodies. The complexes are probed with a 
streptavidln-HRP (horseradish peroxidase) conjugate. The complexes are .. 
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detected by incubation with- ortliophenyldiamine-HCI (ORD) Which " 
produces a yisllowish color proportional to the arnount of HIV p24, aritigeh 
captured. T^te absorbance of each well was determined "oh .a micropjate 
. reader (Dynatechr Minireader II) and 'calibrated again^^^ alasbr^anice.pf 
5 known values of p24 antigen; To increase the ^ehisiitivity of the test7 tes^^^^ 
cells were co-cultured with PHA-activated, normal lynriphbcytes.' 

... :.:;:'ReSUltS< L:: t- • ■ C'-.: . ' - •;•.: -■> -ii^ -i: --'^ 

•-,.;r>The;theory.used for the purging'prbtbcol is baWd^^ ' ' 

phenotypic behavibi- of irifectgd:cblls, - HIV'+ cells -With- a'cViVi^ vims w/jlY ' ' 
10 express^.the! env gehe-prbducts'gpl 20 Vnd gp4i"^bn their celi'sliirlafefeb'!"'' ""' 
Since it was reported that HIV +"cell^' with active S/irus interhaliz^^^^^ 
CD4 receptors; positive selection bf CD4'Swaste'^te'^^^ ' •■' ■•'•■''v . 

o • . 'H9 oells 'hot ihf&eted^ wlth'HiV-f are' 85^percent CtJit4^'^H^) - ' 
whereas' infected'-'H9 cells' (H9 + )' are four pe'rcerit C'Di*"^- as^detfeririihed ' 
15 by flowl cytblrn'etry^ 'An expWiml§rit was designeSd' Wfie ' "' 

censWei-S'mixed in -the Yollc)^A/iIVg^ ratios: ' Jv w : v ■ i ^ :> 

(1) -;10 i3ercent-H9+ and S •' ^ ^ ' ' 

(2) :->.-^30rpercent-H9+' and 70 jJei-cerit'HS-i ■ ■ • ^ 

(3) 60 percent H9'+ and 30 percent H9-; arid " 
20 (4) r - BO perceht H9 + and 2a pereen^^ 

Cells from , each group,were positively selected for with^ ' _ .: J ... 
immunomagnetic: beads.: A sample of the posjtiy'ely sele^^ cells were.. ', 
tested for p24 with the conn (no cp-cuLtiyatibh)..; 

Results ar4 showir irTTable 5. ^ . ; i: ^ . 

25 : Tabjie 5 Purge of H 9 Cells Infected With HIV^I;: !'^.: 





p24 before CD4 removal - 


p24 after CD4 removal 


''■ b%H9> 




,' . .. . .'-0. 0,1,, ng.-,.! 


10%H9 + 


0.25 ng 


0.00 ng 


30%H9+ 


0.58 ng 


O.OO ng 
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p24 before CD4 removal 


p24 after CD4 removal,, 


66%H9+ 


0.94 ng 


0.03 ng* 


80%H9 + 


' 1 .36 ng 


0.03 ng* 


' ldb % H 9 4-' ■ ' 


2.14"ng ■ ' 


0.09 ng 



5 "same as negative control , . , 

The continuous cell line H9 infected HIV-1 {H9 + ) and nonrinfected 
H9 {H9-) vyere mix;^d .3t .various^r^^^ expressing .the. CD4; surface 

antigen vye/e purged frpnri the rnixtjjre using , specific mAbs and , t; ? 

1 0 inimunp!][iag^n|stip. b^ads. The amourit of :p24 antigen, in. the cultures-was . 
determined.befpre and .after , the . ... . . • .; 

All groups with the jexception of the-ipO perceo.tcH9+ group were . 
successfully, purged of virus. t>eloyv the detectable. limits: of. this. assay. To 
det^rrriine. if. the . negative fractions, vyrpuld continue , to b«; viral-free the ^: ■ 

1 5 cells yyere Jipcubated.for. 2^^^^ 3..x 1 06 indicator. < 

cells (normal lymphocytes activated with. PH A, for :72. hours). In cRPMI- and 
10^ NHS. Fresh indicator cell were, added; ag.ain..on day seven. Ori' days' : 
seven, 14 and 20, 1 x 108 cells from; each group were lysed withitriton- 
X and assayed for p24. The results are shown in Table. 6. ... 

20 Table 6. Co-Cultivation of Viral Purged H9 Cells with Indicator Cells ^ 



Day 


10% H9 + 


30% H9+ : 


60% H9+ ; 


80% H9+ : . 


0 . ., 


0.00 ng 


0.00 ng. 


0.03 ng , 


0.03 ng ; 


7 


0.p4 ng . ; . 


.0.14 ng. 


0.20 ng . 


0.29 ng 


14 


0.09 ng 


0.23 ng 


0.38 ng 


=0.32 ng, . -.r-. 


20 


0.25 ng 


.0.53 ng • 


.0.59ng;., ... 


.0.38 :ng: 7 



H9+ cells mixed ..with. H9- cells at- various ratros 'were' ptfrgEi^ cells ' 

using imnnunomagnetic beads. The H9- fractions were co-cuVtured with PHA-stimulated ' 
lymphocytes. The fractiqns\were teste days.'zero, . 

30 seven, 14 and 20. 
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These results indicate that the original viral purge was not 100 
percent effective and virus can still exist below the level of sensitivity of 
the, assay, In ,a further attempt to develop a viral-free culture, 1 x 10^ 
cells from each group , were s^erially diluted and plated at 500 cells per 
5 vyell in 2,000 wells of 24-vyen pjates. The cells were aHoWed to "expand 
for 14 days and then were co-cultured with indicator cells for 20 days as 
before. Cell samples were ahalyze^ for p24 antigen after 20 days as 
described earlier. The results are shdWtri ^ 

Table 1. Co-Culture of ViralrPuriged Hid Cells With indicator Cells 
10 After Plating at -500: Cells/Well 



Group 


%'of Positive >Welis* 


10%H9 + 


16% 


30%H9+. . 


32% : 


60%H9t 


26% 




■■■ 32.5%- 



•any value over the negative control 



20 H9+ cells mixed with H9- cells at various ratios, purged of CD4+ cells and 

cultured for 20 days with PHA-stimulated indicator lymphocytes were serially diluted to 
500 ce|ls per well of a 24-well plate. The cells were allowed to expand for 14. days and 
assayed for p24 viral antigen. The percent of wells from each ratio of H9 + to H9- cells 
that Were positive for p24 is shoWh. " " ' ' 

25 Those results showed that virally-infected cells could be eliminated 

after positive selection by serial dilution. To further validate this 
procedure, the negative. wells were pooled and cultured -with indicator 
cells for another 20 days. All groups remained negative for p24 antigen 
(data not.shown). Thus, the combination of positively selecting 004 + 

30 cells followed by serial dilution, should be useful as a viral purge method. 

To further test the sensitivity of the assay system, two-fold serial 
dilutions were made from H9+ cells from 500 cells/well to less than one 
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cell/well (defined as a two-fold dilution beyond one cell/well). The results 
are shown in Table 8. 

Table; 8. Serial Dilution of H9+ Cells to Test Sensitivity of p24 Antigen 



1 Ppsitiye, Control./ 


[;,. .:..H9+.:eeIls 


Concentration . ng/ml 


Absorbance 


Concentration 


Absorbance . 


0.25 


1.03 


> 8 cells/well 


.oyer , 


0.125 . 


0.55 


. 8. cells/well . 


1:53.. , 


0.0625 


0.30 .. 


4.cells/vyell 


0,89 ..; 


0.0313 


. 0.15 V ^ 


2 cells/well 


0.53 


0.0157 


0.04 


1 cell/well 


0.24 


0.0 ng/ml 


0.03 


< I' ceil/weH 


0.10 



Absorbance of known concentrations of p24 antigen in a corrimercial ELISA 
1 5 (Dupont) were compared with absorbance of cell lysates from an HIV-1 infected . ' . 
continuous cell line - H9. 

These results indicate that the assay is eiktremely serisitiye; it is 

able to detect p24 in < one cell/well dbWh to OiOl 57 ng/ml 

concentration. 

20 Viral Purge from HIV + Donor 

, The H9 studies indicated that positive selection of CD4+ cells 
combirSed with serial dilution could isolate a viral-free subpopulation of 
cells. .The process can be monitored. with great sensitivity by- a 
commercial p24 assay. This process, however, does not address the 

25 purging, of latent virus from the cells. In order for latent Virus to 

proliferate, the host cell, must be activated. The immobilized anti-CD3 
system has proven to be ap effective activator of these cells. After 
activation, the viral-free cells must be protected or they will soon become 
infected just as the indicator cells do in the p24 assay. Anti-CD4 mAb 

30 was used to protect uninfected CD4+ cells. 
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Materials and Methods 

Lymphocytes were Isolated from the AIDS patient following 
leukaphoresis as described above. ; A sample of unfractionated cells were 
tested for p24 in a co-cultivation test for 20. days. Similar samples were 
5 tested after macrophage adherence, 00,4 positive-iselection and CDB ^ 
positive selection. CD4+ cells were activated in i4-well plates oh 
immobilized CD3 mAb. Soluble anti-CD28 wjas added to .the . me^diyrri. and 
the c.eij.s..we.re: harvested after ^seven days;'The CD4 + cells were then 
again labelled with 'aht!-Cb4 and positively selected fpr with GAM-coated 

10 rmrriu'norriagnetic beads. The positively selected cells were relabelled, with 
antlTCbs and placed on GAM-coated 96-vyell plates at 25,00Q celjs/yyeli,, . 
Anti-CD28' was added to the growth medium. 

After seven days, supernatant from each, well .wps tested for p24 
antigen. All the negative wells: were pQol^ to CD4 

15 positive selection witli irp.muno The positively selected 

cells were relabelled vy.ith anti-CD3 mAb ahd plated, again at 25,000 cells 
per well. Anti-Cp28 .was .added, to the medium, iand.the Wells weris tested' . 
for p24 again aftjer.severi^'days. Negative, wells were again pooled and - 
expanded as descdbed. previously fonnormal. lymphocytes -with the' 

20 exception pf only anti-CD28 and'the':addition ofanti-CD4 '(leu 3a; 'Be'cton 
Dickinson) to. pi;6^^^ the'.celjs f^pim The. cells were 

expanded to over teti mMlion and a one-million ceil aliquot was harvested 
for co-cuitivation with ihdicator celts, p24 readings of cell lysate' was 
taken after 20 days. 

25 Result's 

Results are shown in Table 9. 



wo 97/05239 



PCTAJS96/i2170 



-72- 

Tabie 9 Viral-Purge of Lymphocytes from HIV + Donor. ^ 



1 p24 Libvels — ■■ 1 


1 PBL (beforie adherence) ' 


0'32 ng j 


1 PBL (after adherence) •' ' 


■o;28ng ' 1 


CD4+--.- ■■"•^ 


0.24 ng 


CD8 + 


0.00 rig • 



'Amount of p24 antigen recovered 'frorrii a one million cell lysate of HIV+ cells 
before removal of macrophages by adherence to plastic T-flasks; after the removal of 
10 macrophages, after positive selection of. C'D4+ cells and CDS + cells. 

The CD4-I- cells were plated at 25^000 cells per well of a 96-we.ll 
plate and expanded for seven days on immobilized anti-CD3 mAb and 
soluble ariti-Cb28 nriAb. Each well was then assayed for p24 antigeri. 
Results are shown in Table 10. 

15 Table 10 Detection of HiV-Vin Wells of Expanded 

: ' ■ CD4 4- '^Cells Purified froiifi' HIV Dbrior. - . 





■=#ofWells^ ' 


# Greater thah 
. background ;. 


%> (tie^ati^e 


Group 1 


; .133 ... 


.: .,.24.„;-. .'. 


..•.,82%., 


Group 2 


108 


18 ... . 




Group 3 


141 


• : . . 29 . 


.79% .. 



. Amount of p24 antigen recovered from wells of 96-vveli plates'.with 125,000 '■■ 
CD44- cells purified from the peripheral blood of an AIDS patient and expanded for 
seven days on immobilized anti-CDS mAb-and soluble anti-CD28 mAb. Each group" ' 
25 represents the results of a separate purification from the same patient., 

The percent negative vyells yvas very consistent. The cells from the 

negative wells were pooled and propagated with immobilized anti-CD3 

and anti-CD28, anti-CD4 was added to protect uninfected cells. All ceWs 

were plated at 2.5 x 10* cells/well in 24-wel| plates. The number of 

30 CD4 + cells recovered after six days in culture is shown in Table 1 1 . 
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Table 11 Pooled CD4+ Cells Purged of 
Active and Latent Vims Expanded 6 Days. 



5 



Day 


Group 1 


Group 2 


Group 3 


0 


3.3 X 10^ 


2.1 X, 10^ 


3.6x10' 


6 


12.4 X 10^ 


11.8 X 10* 


11.4 X 10^, 



GD4-I- cells purged of active and liatent virus were expanded in 24-w/'el1 plates. 
Cells were harvested and counted after six days in culture with immobilized anti-CDS 
mAb and anti-CD28 mAb. - ; ' " 

10 V . Thexells from the 24-vvell plates were pooled and intubated in 
spinner flasl<s for three days. They were then relabelled vy/ith &nti-CD4 
and resetted vvith GAM-cOated immuhdmagnetic beads. T x l b* ' 
positively selected cells were co-^cultured with indicator cells for' 20 days.' ' 
The. cell- lysates for all three groups weris hiegativ^ f Or p24 (data not 

15 shovirri). :These results dertionstiriate that this rnetho'H is capable of 

producing a viral-free fraction'6f CD4+ cells from the peripherjal' blood of 
AIDS patients; . ■ : 

The cells from the three groups' were pooled and Telabelled' with . 
anti-GD3 mAb and inoculated ihto 2 GAM-cbated caitridges of a min- 

20 hollow fiber device with 200 ng/ml of ariti-CD28 mAb. After 21 days of 
culture, 1.7 x 10^ cells were harvested. Three days after harvest,' the 
cells were relabelled with anti-CDS mAb and inoculated into a single 
GAM-coated cartridge on the large scale device with 20O'ng/m.l of ariti- 
CD28 mAb. After 21 days of cultui-e, 1.1 x 10^° cells were harvested: 

25 Three days after harvest, these cells vi/ere relabelled with anti-CDS riiAb 
and inoculated into 8 GAM-coated bartridges on the lai-ge-scale device 
with 200 ng/ml of anti-CD28 mAb. After 18 days of culture, 6.4 x 10'° 
CD4rf cells were recovered. The cells were negative for ■p24. ' 
CD4Tf Functional Studiies 

30 To demonstrate that CD4 + cells isolated and jaropagated by this 

process were still capable of normal function, their ability to enhance NK 
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activity was assessed. Patients' With AIDS are known to Have reduced NK 
function. Some repoi^Whave shown that exogenous IL-2 can significantly ■ 
enhance NK-functiori . of. AIDS patients in-vitrd. This sWciy dernonstrated 

that adding the expanded yir^lrpurlged' CD.4 cells .vi/as' effective. - 

5 Materials and method^.; .^^;.,;i..,'^J^,L,,.'.,|i^ .[.... .^.VL.'.Li'; . _v..:r 

Jhe!.NK-sensitiye:cell:|lne K562,.was used as the target cell The 
cells were'chromiiJinh labelled 'iby suspension at'a cohcentf;atipri,!of.1.,.x^ 
cells/ml. jn cRPMI,containi^ n^Cr]iSodium ;chromate;{New 

England Nuclear, Boston,, for,6p,minutes;at 3.7?G,. Jhe cells. were ; 
10 then washed, twipe, resuspendedjat,.5.x lO^.i ceils/ml ih/I.OO.//! aliquots: 

«ntP.w^lls.P**i^W<iTbf>tJ;(0^ ^^ftUi :pls1te3..>;^ w^.-.'; vi. 

Mo.noqyte defjieted !y.mRhpcyteMrp.rn..AIDS. patientsisuspended at 
5x10^ ce!ls,/ml.y/ere ^ddedtp vyeJIsspontaining theitarget cells in 50.//r . 
aliqupts,,^nj,add|jioi?al=5P fj\ pi medium.pr .CD.4 + : cells was added to/each 
15 well such that the effectoritarget ratio without CD4+ cells was. 50:1.; 

After,a,pne hour incubatjon ,ati;37?'C, In five percent GOa iat 1 00 
percent .humidity, ,1:h« .plates y)(er^ centrifuged;at-8.0p x g fon,! 2 minutes: 
and 100 //I , aliquQts. pl each, well wer^^ haryested and counted gn a liquid 
scintillation .cpuntpr. percerit lysis ^qf each target, cell was:>de.termined by : 
20 the equatipri: , ,,• , v. : 

• 'Y®'? = cprTi,e„, - .cpm„rtroi/cp.m„3« .- ppm„rt„i x 1 00,. where .. 
cpr"te»t 'ndip^tes chroniium counts per minute released in the. presence of 
lymphocytes, cp,rn„n,„, indipate^^ of the presence of medium alone, 

and cpm^3^ indicates release in the presence of. BRIS-35 detergents 
25 (Sigma, ;St. Louis, lyiO).: . > = :; . 

Each test was performed in, quadruplicate. Significance of percent' ' 
lysis was determined by comparing mean cprn,^^, with,m.ejan.cpme£;i„o|. by- 
students t-test. ^Results are shown in Table 1 2. 
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Table 1 2. NK-Actiyity of Lymphocytes from AIDS. Patient Supplemented- 



with Autologous.. Viral-Purged. CD4 4- Celjg. 



Results 


•■ . %.1-ysis 


AIDS lyrnphocytes.alqne . , _:, . 


26.2.± B.5%:. 


AIDS lymphocytes ,+ 1 IL-2 MO U/ml), . 


54.5,±,6;P%,: / " : 


AIDS lymphocytes + CD4+ (.1000) 


. 33.4.±.7,p?«.., , , 


aid's lymphocytes + 004+ (5000) 


48.8 ± 3.5.% 


AIDS lymphocytes + CD4+ J 10,000) 


■64,6 ± 5%..,.,,... 


AIDS lymphocytes + CD4+ (50,000) 


.6^.2 ± 9.5% , . 


1 Normal lymphocytes alone 


60.2 ± 6.4% 


1 Normal lymphocytes + IL-2 (10 U/ml) 


73.5 ± 6,5% 



NK-actlyjty of a single AjDS patient, after .r,econstructlori:.with autol.ogousi'yiral- 
purged';CD44 ceiisJ f he humbW oil ia'dded cells Is noted in parentheses. Results are 
15 expr.essed.,as the .mean,.±SE;p ' c - f. V . r J: i:-''-^ " 

JThe ls!K-.^pti^^ patient? ;Of.^2^. 2, ± 6^5% was significantly . 

lower^ than the 6iO,2 ±,,^6.4%.foT,normal,co pi ;IL-;2v: 

significantly .ipcreased NK-actiyit\f, in norma :AIDS patients, but had a ; ■ 

much.,greater. effect Jn.. AIDS... ,000 autologpus CD4'-^^.... ^ 
20 cells, did not significa.ntly inGrease.,NK-activity. . Add and .v.- 

10,000 Cp4+ cells significantly increased actiyity to nprmal ievels. = ' - . . 

Addition of .50,000 ;Cp4+. had the same effect as .10,000 cells. vm; ; • 

These results evidence that the CD4+ cells isolated and expanded:. .. 

by this prptocpl are able to produce IL-2. These results also support the 
25 evidence thai large numbers of these Cp4,+ celjs infused back to the •: : 

patienVshould restore immunolpgical function, . : - 

Purification of HlVrSpecifjc T-ce|ls ^ , 

HIV-specific class l-restricted T-cel|s are Icnown to be present in. the . 

blood of AIDS patients; they are presumed to be a subset of CD8 + , 
30 CD28 + , CD 11', GD25+ lymphocytes. These are in vivo activated 

(CD25-I- same as IL2R + ) Tc (CD28+ same as 9.3). To isolate these 
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cells,, a series of positive selection steps wfere conducted using CD8 
(leu 2a, Becton Dickinson), CD28 (KOLT-2 gift from Kv Sagawa), and 
CD25 {IL-2R, Coulter) mAbs and GAM-coated immuribnriagnetic beads. 

Positive selection occurred in the- following order: CDS, Cb28, and 
5 finally, .Cp25.. A subset of the isolated cells should be HlV-s^ecificr the 
other in vivo T-cellis in. this. group may also be of therapeutic importance; 
they may be specific for other adventitious agents afiflicting the patient. 

AIDS patients usually had a high perceritage of CD25 + ceils/ln six 
patients tested, the mean' CD25 + cells were 1 4 ± 8% cortipared ttt six 
10 normal controls at 3 '± 2.5%. 
CD8+ Functional Studies 

'The GD8+ 0028+ Cp25¥ T^celjs feolated.fforh ani . 
and expanded to 5.3 x 10'° cells, were tested for their ability to' lys'e HIV- 
infected autologous 004 + lyniphdcytes: The target lymphocytes were 
1 5 expanide'd viral-free 004 + cells frbiti the same patient f irbm wfibrn'the 
effector cells were isolated. The 004+= beiis were" activated oh 
Immobilized ariti-GD3 at 5 x 10^ cells/ml in one mrbRPMl ori^^^^ 
plate. : One ml of H9+ supernatant containing i 0* U7ml jL-2 Was added 
to each well. The 004+ cells were harvestisd from the Wen 
20 incubation at 37 °0 In five'pbrceht COj at 100 percent humidity for foiii- 
days!.'.'. .' ' ' ' 

The ciells were labelled with ^'Cr using the same procedure as 
described for K562 target cells. All cells were plated iri roiind-bottbnrted 
96-well plates at effector:target ratios of 100:1, 50:1, and 25:1. Percent 
25 lysis was determined as described earlier. Each test was perfornried In ' 
triplicate. Results are shown in Table 13. - • 
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Table 13 CD8 + , CD28 + , CD25+ Killer T-Cells Isolated from HIV + v 
Patient, Ability to Lyse Autologous HIV Infected Cells 



1 CeH: ''tiarget Ratio 


% Ly^i^''- ' 


1 100:1 


■"■'21.0 ±''8:6% " 




""■■•^•^■"9:0 i 3JS% ' " 


1 '25-:1'"" 


""ai i 2^6%'"° 



CD8 + , CD28 + . CD25+ Tc isolated from an AIDS patient were, tested for their 
10 ability to lyse Butolbgous' Cti4 + tells infected with' Hi-l /f^^rcerit lysis wais caiciilatecl ' • 
from a "'Cr-release assay. ;>•■ >, 

These results iridicate signifipant effec,toi;iurict|on. The low 

percentage lysis was probably due. to^a cpmbinatipn.of .a low percentage 

of targets, infected, with HIV (74 percent rerTi?!inBc|,Cp4j+ ), and a ,high ,,, : 

15 background. . r.-.; -^.-.^j^j.- 

Althgugh the present invention has been described, with .reference 
to preferred ernbodiments, y»/orke.rs.sKil.led.^in the; art^v^ijl recqgnize, jhat , ,. , , 
changes may be made in form and detail without departing from the spjrit,^ 
20 and scope of the invention. Since.modificatiqns.vyni be a 

of skill in this art, it is intended that this invention be limited ,^nly, by the 
scope of the appended claims. . .. .. 
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WHAT IS CLAIMED IS: 

1. A method ifor generating immune cells, comprising: 
collecting material comprising body fluid or tissue containing 

mononuclear ceHs frorri a mamrnal; and " ~ 

5 contacting, in the absence of. exogenous interleukinr2 material •. 

with one or more iactivatihg' proteins 

present on cells in the 'material 'land in ah arribunt sufficient to induce 
yiVo bbii .fe>c^',^^^ cjinicaily.rrelevanit 
numbers. v- . i^- • ' ' >: 

10 2. '■ " Th6 nrie^hbd' of claim "1, Wherein p'rib 

contac'tihg step;'^he' cells' in the material eire treated' under cbnditmns'' 
whereby ex viiffi diffbreritiatiori'of sbm oV'the cells'ihtb selected 

regulatory immune cells is induced. ..^.ijv- :•. 

3. The method of claim 1 , wherein prior to or during the 
1 5 contlactihg step," the "cells in' the materisi'^re treated' under conditions, 
whereby' Wx'visib of some or all of the cells into' desired 

effector iniiTiuhe 'cells is^^ :o!.;.l.- . 

. 4;' 'tfie' method of any of claims 1-3, wherein the expanded 
cell's' are' p'Urifibd. ' ' ' ' " 

20 5. The method of any of claims 1-4, wherein the irhniune ciEslls 

are specific for a defined antigen. 

6. The method of any of claims 1-5, wherein the expanded 
cells are predominantly Thi, Th2 or Th3 cells. 

,7. The method of claim 1 or claim 2, wherein the immune ceils 
25 are activated ex vivo in the presence of either or both interferon-K and IL- 
2 to cause differentiation of Tht cells. 

8. The method of claim 1 or claim 2, wherein the cells are 
activated in the presence of IL-4 with or without the presence of anti- 
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gamma interferon and/or anti-IL-1 2 to cause the differentiation of Th2 
cells. • ■ ^ - 

. 9. The method of anyvPf claims 1-8, wherein the proteins 
specific for cell surface molecules are one or more monoclonal lantibodies 
5 speqific for inrimune cell. surfaceiproteins. .-• . 

10. The method of claim 9, wherein the monoclonal antibodies 
are specific for CD;^ or .GP2,- combined with any combination of one or 
more of the following: CD4, CD8, CD! la, CD27, CD28, CD44:rarid " 
CD45RO.:,,,. . y ■.-iU-.y 

10 11. The. method of any of claim 1-10,: wherein expansion Is 

effected iri a, hpljovtf^fiber bipr.eactor. . ' • ;: . : :, 

;l-2., . The;niethpd;of;any.of clainris l-1 1, wherein the immurfe cells 
are expanded to an excess of 10^ cells. , ■■.i;^^.: iy:: : >i 

,13.. ::.iThe mjBthod of any of claims 1-1 1; wherein the' immune cells 
15 are expanded to an excessrof 10^? cells.. 

14. The method of., claim 1 or claim 2, wherein the fcells are 
effector Immurie ;cells: : - ■., .; • - 

1,5. : the method of, claim 1- or . claim- 2, wherein the cells are 
regulatory immune cells. .■ . t v.; 

20 1.6..., A method .for autologous cell therapy- comprising: 

.collecting ^material comprising, body fluid or tissue containing - ■ 
mononuclear cells from a mammal; and 

contacting,, in.'the absence of exogenous interleukin-2; the material 
with one or more activating proteins specific for cell surface proteins^--. ■ 
25 present on cells in the material and in ah amount sufficient to induce ex 
vivo cell expansion, whereby the cells expand to clinically relevantn 
numbers; and ; . . . ; --'r . : - 

infusing the resulting cells into a mammal. 
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17. The method of claim 16, wherein expanded cells are purified 
prior to infusion into the mammal. 

18. The method of claim 16 or claim 17, wherein the expanded 
cells are regulatory immune; cells./ ■ , ^ .tt ■ 

5 19. The method of claim 1 6 or claim 1 7, wherein the expanded 

cells are .e.ffector^immune cells. 

c 20i:^ A; method:for generating regulatory innimurie d^ - . 
comprising:- ' j • ; : ' .^n- f^A^ ■ ■ ■ • 

collecting material containing mononuclear cells from a mammal; 
10 treating the cells, to alter their cytokine production profile; ahci 

expanding the cells to a clinically relevant nuniber of celisi ' • - = 
- 21. .: ^The. method, of claim -20, wherein the immune cells with 
altered cytokine profile are purified prior to infusiorf. : 

22: r;The, method of claihi .20, -wherein' the imrtiuriie ceils with 
15 altered cytokine profile are specific for a defin'ed antigen. " 

23; The method : of any -of :claims 20-22i vvhefeih thb' 
mononuclear cells are treated to differentiate into Thi 'or Th2 cells." 

24. , The: method of any of clainis^ 20-22, wherein the resulting 
population of cells are Thi -like or Th2-like cells. ■ .i'i . 

20 25. Jhe. method of any of claims 20-22, wheireih the immune 

cells are activated: gx vivo in; the presence of either or both interferdn-K 
and IL-2 to cause differentiation of Thi cells. 

:26. : The rhethod of claim 25, wherein"=anti-IL-4 mAb is algo" 
present during activation. ..r .. : , . 

25 27.;. The method of claim 26, wherein the effector cfeils are 

activated in the presence of IL-4 with or without the' presence of ahti- : 
gamma interferon and/or anti-IL-12 antibodies to cause the differeritiatidn ' 
of Th2 cells. - - 
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28. The method of any of claims 20-27> wherein one or more 
monoclonal antibodies are included in the medium in which the 
mononuclear cells are expanded. 

29. The method of claim 28, wherein the monoclonal antibodies 
5. are specific for. .CD3.or CD2, combined with any combination of one or 

more of the following: CD4, CDS, CD1 la, CD27, CD28, CD44 and . v 
CD45Rp, 

. 30. . The rnetfipd of any of cljaims ,20.-29, wherein^ the cells are 
expanded in a hollow fiber bioreactor. 
10 . 31.. The method of .any' of claims 20-30, wherein the cells are 

expanded to an excess of 10* cells. .. . . - 

32. The method of any of claims 20-30, wherein the cells:are 
expanded to an excess of 1 0^° cells. . . 

33. A method, of producing virally purged, 004"^ cells,. . 
15 comprising: 

isolating CD4-* cells from a patient infjected with human 
immunodeficiency virus (HIV); ,. 

contacting the cells with one or more protein activating 

agents: 

20 selecting cells 004*^ that are HIV; and 

then expanding the selected cells to clinically relevant ^ 

numbers. 

34. The method of claim 33, wherein in the contacting step, the 
activating under conditions promote Thi cell differentiation. 

25 35. The method of claim 33, further comprising: 

after selecting CD4* that are HIV' and prior to expanding the 
selected cells, growing a plurality of.aljquo.ts in the presence of rnitogenic 
agents; 

selecting from the aliquots those that are HIV; and 
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then expanding the selected cells to clinically relevant 

numbers. 

36. The method of claim 33, wherein the cells are activated with 
anti^GDS mAb in the presence of interferoh-y dFM-y). 
5 . ; 37. The method of claim 35/ whWein, iafter activation, this cell^ 

are grown in the presence of anti-CD28 mAb and IFN-k*. 

38. The method of claim 1, wherein the cells are CDS* cells. 
-39. A compbsitibri, comprisihg a ciihicaTly reliivant riumber^ of 
CD4* cells. ■ 
10 40. A composition comprisiiig virally piirged 004'^ cells produced 

by the method of claim 33. 

41. The cornposition of claim 39, wherein the CD4* cells are 
predominantly Thi -cells. 

42. The composition' of claim 39. wherein the CDA* cells are 
15 predominantly Th2-cells. 

43. - ' A combination, coniprisirig': 

a composition containing a clinically relevant number of 
virally-purged CD4'^ cells; and 

a composition containing a clinically relevant number of 
20 CDS* effector cells. . ; : - . 

44. ' A rhethod of treating a patient infe'cted with HIV, 
comprising: 

administering a clinically relevant number of virally-purged CD4* 

cells. 

25 45. The method of claim 44, further comprising administering a 

clinically relevant number of CDS* effector cells, wherfein th^' effector 
cells are adnriinistered, before, after or simultahebusly' with the' CD4* 
cells. 



wo 97/05239 



PCTAJS96/12I70 



-46. A method of treating ..patients . with autologous immune cells, 
comprising: 

collectjngja.tissue.or body fluid sample comprising mononuclear 
cells from a mamrrial; , - .o rc v 

5 ,. ,,, treating the.cells ex vivo .to. produce compositions icontainirig 
clinically relevant number of regulatory immune: cells; and' 

reinf using a sufficient nunjber; of the cells to: alter the in vivd :^ 
regulatory immune cell balance. 

.47., T^he..i;neth^ pfj.clairrr^S, wherein^the. cells, are. treated to 
10 differentiate into Th2-like cells. 

^i::. f i Ji';Sf?P.®^'l<?^'' °? 9Mjy}A7.' \V>fherein the.pati.entis are diagnosed 
with an autoimmune disease or disease characterized by chronicv 
inflapOTiatipp., : ~..rri ■■■■■ : . ■. ■•?!■;;: .!. .V 

. 49. The method of claim 46, wherein the cells are treated ^td' . 
15 differerrtiatejntpyrhl-like^ll?.. > I' f^^; 

50. . The m^thp are^diagnosed 
with, allergic :disor;ders.;pr.i^ . .. " 

;..5.,X. . .. ,.Th,i^„method p.f iCjairrr 46»; wh.erejn the,patients. ar.^ to.ireceive ; 
an organ or tissue transplant,frorn.an>a!lo.geneic;,orxeripgeneiq,:d.Onor. 
20 52>. The.meth.o,d of cla^^ are 

exposed to one, or mpre, antigens from one or .rnore pathogenic o/ganisms 
and reinfused to protect the patient from subsequent infectiQn-from.the 
same pathogens,, ;,,v: r •=;■■ r::\n::'. . • . :•: to . ■ 

, . , 53,:: A.coijippsition, .comprising a clinically relevant humber of 
25 human regulatory T-cells , : ^ . 

54. ..The. cornppsition. of claim 53, f wherein the cells are contained 
in a volume of one Ijter or jess.: ' - , . ; ■ ;o <::■ : r;^ ^ i;.t' 

55. The composition of claim 53, wherein the cells-are . ■ 
contained in a volume of 500 mis or less. 
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;■ , 56, The. composition of claim 55, wherein the Volume is 250 mis 

or less. . ' 

.57... The composition of any of claims 53-56, -ivherem the' 

concentration of cells is at least about 10'-10^ cells/rril. • • ' • 
58. The composition of any of claim's>;53-56; Comprising at least 

10® regulatory immuneicells.- ■,■ r-^- ■ ; ■ ^ / s i. . 

59..;:. A composition of claim- 53; cbMpriSing at least 10^ Th3 

ceils. '. ';■:■) '^^^'^i-.u - , ':.vu:i:;^.■-■ 

BO: f The corriposition' of claim- 58 or' claini 59,- cbrTi^>rising kt least 

lO^cells. t-v:; •; o trw ^;;v 

'■ ■r-, 6,1 . The composition of ariy of claims 53-58; ^^fherein the 'dells 

are Thi cells. :. ."v:-;^ • fTv^ nfi n 

62. The composition of any of claims 53-58, wherein'tHe cells 
are Th2i.cells.r? /i^'- t-uV .•^•^ 

63. Use of the composition of any of claim^ 53^59'''for the ' ' ' 
manufacture of a me'dicament^foritreatihg iiTutoiftimun^^^ - •- 

64. The use of the composition of 'any 'brelaijris^ 

the disease is selected from fheumatdid ai=thHtis? ihfl^im'mato^^^ boWel 
disease (IBD) oritQ-pfeVerittrarisiSlaht're^^ - - ? v vv- > 

66; iJse' Of e1&im'64; mereiri'the'cbmjsosifio^^^^ for'^ 
preventing rejection of transjslanted islets fbrWeatrhbht of iiiSuliW- ' 
dependent diabetes rrfellitus.- ■ ■■ ' - ^ 

66. Use of the composition of any of claims 53-58 for' the -- 
manufacture of -a. medicament for treating allergies, infectious disbrders or 
diseases, tumors or as a vaccine. ' ' •• ' 

■ = : =67. Use of the composition of any of claim 59 for* the 
manufacture of a medicament for treating multiple' sclerosis "or insulin^ •' 
dependent diabiBtes mellitus.— ^ • ' 
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, _^8. A combination,, comprising: 

a composition of any of claims 53-62; and 

^ composition comprising a clinically relevant number of 
human effector T-cells. _ ; 

^ . ; . J^e combination of claim .68, wherein the concentrations of 

human regulatory cells and human effector cells are each at least about ' 
1p'-10^.cel|s/rnK, . ■ ,.. . .. ..r: .cr 

■ . /^9: .T|ie. poipbination of clairn 68 ortclaim^ e^^^^ ,. 
compositions are mixed. . .. : i . 

10 7J . . A . method, for treating autoimmune. disorders, corriprisirig. 

admini5tenng..a,pompos jiumber 
of regujatory imrnune cells, .whereb of the. disease are 

ameliorated, or pro.gressipn of. the.disease; is retarded. 

; 7.^ x Th? 'Ti;?*hqd of c|aini .7 1 ; vyherein; the disease :is rheumatoid 
15 arthritis, multiple scjerpsis. insulin-dependent diabetes, mejlitusi or f. 
inflammatory bQwe) -disease: . , .:r -i^.':....'^ I 

Th^ .tnethod of claim 71, vyherein the population of immune 
cells is Th2-like. . :; ..)(.:.;;.; 

■7^' . . /^^^ '^^P?P^ .9^ claim 71, wherein the, number, of regulatory 
20 immune cells is at least 10®. ■ ............. 

T^^® methpdof claim 74,. wherein the cells are^ contained in a 
volume of 1 liter or less. 

arthritis, wherein the corppositipn, |s produced by a method; comprising: 
25 collecting mononuclear cells from aTheumatoid arthrlt^ 

expanding.the cells under conditioris whereby a 
containing an amount of Th2 cells sufficient to suppress or reduce;the .• • 
chronic inflammatory, lesions of the arthritis; and ■. ■; 

infusing the resulting composition of cells into the patient. 
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77. The method of claim 76, wherein the number Th2 cells is at 
least 10^ 

78. The method of claim 76, whei-ein the cells are dontained in a 
volume of 1 liter or less. --'^ 

5 -. 79. ; The method of claim 76/ wherein the th2 cells are nriemory 

cells.: '-^^ ■ '3 ^ r^''- - ^'^^'-^'^ ■ 

80. The method of claim 79, wherein th^ Th2 cells 'are activated 
ex vivo in ithe -presence-'of interferoh-K; lL-2, or rhixtiirbs thereof, ^)rlor to 
infusion. ■ • • ' ■ ' : 

10 81. The method of claim 71 ," wherein the disease is multijsie 

sclerosis, and the. cohipbsition- is produced by a' method^'coiripVisinig: " 
collecting mononuclear cells from a multiple sbleroisrs patient; ' 
expandingthe cells urider conditi6nswherebV''a-'c 
containing ah amount of Th3 bells sufficient to •arTieli'orate the syrriptoms 
15 or retard or stopithe prbgrb^sion of rrfultiple sclerds^^^^ : ; ■ • = ' 

infusing the resulting composition of cells intd the patieritr ' 
r ■ 82.-. The method of ahy of claims 7 T-8T,^ wherein the 'number of 
cells is at least 10' cells. ■ ^ 

83. ? The method of any of claims 71-82, wherein the cells are 
20 contained in a volume of 1 liter or less. • " ■ * 

" 84. The method of any of claims 71-83; wherein the cells have a 
memory phenotype. 

85. The method of claim 81 wherein the cells are Specific for 
myelin or encephalitogenic epitopes of myelin antigens. 
25 86. The method of claim 71 , wherein the disease inflarnmatory 

bowel disease (IBD), and the corfiposition is produced by a rriethod, 
comprising: ' " : • 

collecting mononuclear cells from an IBD patient; ^ • 
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expanding the celjs. under, conditions whereby a composition.;-, 
containing an amount of Th2 cells sufficient to ameliorate, ;thQ :Symptoms . 
or retard or stop the progression of the IBQ.; and ■ ~ - , ; - : .^n 

infusing the resulting composition of c|?lls. into the patient.:. : . 
5 87; .. ,,Th^ ,rn.ethod^Pt J?!f.i'^.§^/ -w'^® pf ;ce|!s. is at 

, least ipf cells. -.v.. r;"- • : i' . ' '..ij:;!^;-:; no i/iv.- ■ ::■ ^ ■. 

88. The method of claim 86, wherein the cells are contained; in a -. 
volume of IJiter. or less...._; .. , > . ;■>(!■ gri.J::i: 

89., ... The rpethp.d of claifn 86, yyherein the disease is .erohn.',? 
10 disease (CD) or ulcerative colitis (UC). • • 

.90. ,. The. method.^of. claim 86,. w §re, e^piess 

integrin, o4, fi7. i.^.- „. .. . 

91 . A method for suppressiori transplant .rejectipn^. cpmprising: 
.collecting .m<)nonuclear cells from a patient; prior, to. un.der,gp.ing 
15 organ or tissue transplantation: . . :->..vr: 

expanding the^celjs.^under condifjons vyhpreby. a, comppsition . .. 
coritaining an .airpoiipt.off^ Jh.2. celJs s,u.ffi.cient to preye^nt.rgjection of.the .. 
transplanted organ or tissue; and 

infusing . the resulting corappsition of c.eUs into.the. pajtent... 
20 .92. The .method of c|aim ai . wherein the riumber pf, cells, 1^^^^ 

least 10^ cells. 

93. The method of claim 91 , wherein the cells are cpntaine.d in a 
volume of 1 liter or less. ., ,..„.;. 

94. The rnethod of claim 91,. wherein the transplanted tissue are 
25 transplanted islets of Langerhans. . .. , .. . , ■ . ■ 

95. The method of, .claim 91.,. wherein the cells are..sp.ecific for 
the alloantigens or for an antigen unique to the transplanted tissue o.r 
organ. .... • 
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SS: A method for treating ihsulih-dependeht diabetes mellitus 
(IDDM), comprisingr 

collecting mononuclear cells from a piatierit diagnosed with IDDM 
or at high risk for developing IDDM; 
5 ' expanding the cells under conditions wh^reby^a' 'composition 

containing an amount of Th2 cells sufficient to prevent or retard islet 
destruction; and ' ' " ' 

infusing the resulting composition of cells into the patient. 
97v The method of clairti 96, wherein the nuriiber of cells is at 
10 least 10^ ceils. . .y: • . - 

• -98; The method 'of claim 96' or claim' 97, wherein thie cells Wre 
contained in a volume of 1 liter or less. 

99. - A method for treating allergies, 'comprising: ' 
cbllectrhg'mDhbnuclieai' cells from a 'patient priot'to under^^ 
15 organ or tissue transplantation; ■ . ■ . ■ 

expanding' the' cells urider conditions wheVeby'^i^^ composition 
contaiiiing an hu'rrib'er of ThT cell's' sufficient to amelioratie'tK^ symptbrns 
of the allergy; and ■ ' ' " ' ' ' ' ' ' 

infusing the resulting compbsition'of cells into the' patient. 
20 • 100: -Ttie method of crairn"99, wHereih'the HumBer of cells is at 

least 10' cells. 

•101. The method of claim 99 or claim 1 00,' wh^Vein the cells are 
contained in a volume of 1 liter or less. 

102; The method of any of claims 99-1 01 ; wherein the cells are 
25 specific for one or more allergens. 

. 103. A method for treating infectious diseases or cancers, 
comprisirvg:" ' ■ ■ ' •' '\ •■■ . 

collecting mononuclear cells from a patient prior to undergoing ' 
organ or tissue transplantation; 
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expanding the cells :under conditions whereby a composition;' ! 
■ containing a therapeutically effective number of Thi cells; and:;j.. 

infusing the resulting comppsition of cells into the, patient. ■ ; 

104. The method of claim 103, wherein the number\of. cellsJs. at ' - ' 
5 least 10® ce.Ms_. ^ ••. : : • . .v.-i^r.'. . .Of »• 

105. The method of claim 103 or claim 104^ wherein.theicells are ; 
contained in a.vo.lurpe of T liter, or less.- .. , .: : : ,. .v .' 

106. A method for treatirig^jnfectious diseases or cancersvv-. 
cornprising: co-|nfij^ing therjaReutically effective numbers of:, regulatory 

10 and effector cells. , • 

; ^P^i'y. : 7:^® .5^1:5119.4 °t 39^.i further . Comprising: co-infusing 
CDS* effector cells cytotoxip T jyrnphpcytes (CTLs) that are. specific for: 
the pathogen or.tunrior. .. ..... • 

1 08,. The method of qlairn, i1.06,orclaim:107,- wherein the .s. . 
15 regulatory cells are Thi cells. . 

^Q^.. The. method of any of. clairns .!ip6-!|.08> w.herein the regulatory 
cells are specific for the pathogen or tumor. '■ ;-; . =■ - 

.1.1.0. .The niethqd pf cljaim; 103 or claim;106, .wherein the disease 
is renal cell carcinoma and the antigen is Hsp70. 
.20 1,1 1 - The method; of any of cjaims 103-1 10, wherein, the number 

of cells is at least 10^ cells. 

1 12. The rnethod of any of cjairns IOStIII, wherein the cells are. 
contained in a volume of 1 liter or less. 

1 1 3. A method of vaccination, comprising. 

25 exposing isolated mononuclear cells obtained from a patient to a 

selected vaccine antigen in the presence of one or. rnpre cytokines that 
induce Thi cells or Thi -like cells to produce Thi cells or Thi.-like cells 
specific for the antigen; and 

expanding the resulting cells for reinfusion. 
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1 14. The method of claim 1 1 3, wherein the number of 'ceHs is at 
least 10^ cells. 

115. ^ The method of claim 1 1 3 or claim 114, wherein the cells are 
contained in a volurne of 1 liter or less. 

5 116. The method of any of claims 1 13-1 1 5, wherein the cells 

have a. memory pheiiotype. 

117. The method of any of claims 1 13-116, wherein the 
cytokine{s) is (are) selected ffom IL-T2 and IFN-K. 

1 181 ;The method of any of claims 113-1 15; whei-eih the resulting 
10 cells are CD4*, CD8+ or a mixture thereof. 

119; A method for altering the regulatory balarice of. Irnmune cells 
in a human; comprising adhniriisteringtd'th'e huriiah a cbmpositlbri 
comprising a clinically relevant number of autologous re'Qulatory T-ld'eilis". ' 
120. The method of claim 16, Wherein at least 10' cells are 
15 administered. ' 

1 2J . The methbd of clairh 1 6, wherein at least 10'° cells ar^ 
administered. 

122'. The nhethbd of claim 1 or claim 16; wherein the cells' are 
Thi cells. 

20 .123. ' The methbd of clairn T or clairti 1 6, whei-^in the cells are 

Th2 cells. 

123. The method of claim 1 or claim 15, wherein the cells are 
Th3 cells. 

125. The method of claim 1 6, further comprisingV adnriinistering a 
25 clinically relevant number of effector iminune cells, wherein the effector 

immune ceils are administered with, before or after administration of the 
regulatory cells. 

126. Use of the composition of claim 53 for treating autoimmune 
disease. 
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127. The use of claim 126, wherein the disease is selected from 
rheumatoid arthritis, inflammatory bowel disease (IBD) or to preyent. 
transplant rejection. 

128. Use of claim, 126, wherein the comppsitipns is used for 
•■ 5 preventing rejection of transplanted islets for treatment of insulin- 
dependent diabetes mellitus. 

129: Use of the composition of ciaim 53 fo^^ 
infectious disorders or diseases, turhors or as a vaccine! 

1 30. Use of the composition, of clajm ,5£| for treating multiple 
10 sclerosis or insulin-dependent diabetes mWl'litus. 

. .. 131. The use of any of claims 1 26-1 30, wherein the conriposition. 
coritains.at least 10* regulatory cells. 

,- " ■ '132. The use of any of claims 126-131 , wherein the composition 
has; a ypiume of 1 liter or less, preferably 500 mis or less, more 
1 5 preferably 250 mis or less. 

^; jl 33. The use of claim 126, wherein the disease is rheumatoid 
arthritis.- . .. .. 

134. The use of claim 126, wher.e|n the disease is rnultiple ' . 
sclerosis. 

20 1 35. Use of the composition of any of claims 39-42 for treating 

HIV infection. : 

.,1 36. Use of the composition of any of claims 39-42 for 
foi^muiatirig a medicament for treatment of HIV infection. 
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□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



